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ABSTRACT 

Two separate experiments were conducted to investigate the fodder yield and nutritive value of 

four varieties (16783, 16798, 16840 and local) of Pennisetum purpureum (Napier) grass in the 

savanna region of Ghana. A randomized complete block de sign was used for evaluating the yield 

performance of the four varieties over a 90-day period in Experiment 1. After 90-days, the fodder 

as harvested to a stubble height of 15 em and were used in experiment 2. The harvested fodder 

was separated into leaves, stem and whole and analyzed for nutrient composition and in vitro 

organic matter digestibility in a 4 x 3 factorial experiment in completely randomized design. The 

factors were the four varieties and three botanical fractions. There was no signific ant effect 

(P<0.05) of variety on biomass yield, tiller number, plant height and leaf: stem ratio. The biomass 

yield (DM kg/ha) ranged from 1354 to 3339 for the 16798 and local varieties respectively. Plant 

height was positively correlated (P<O.OOI) with fodder yield. There was a significant effect of 

variety x fraction interaction on hemicellulose concentration. The highest (P<0.05) hemicellulose 

was obtained in the leaf fraction of the local variety. The stem fraction for all the varieties was 

consistently lower (P> 0.05) relative to crude protein concentration with the least recorded in the 

local variety. Whilst variety x fraction interaction did not affect (P>0.05) gas production and 

degradation parameters, the main effect of variety and fraction was significant for some of the 

parameters. Gas production at 12, 24 and 48 h was significantly higher relative to the stem 

fraction. There was no significant difference (P<0.05) among the fraction for in vitro organic 

matter digestibility (IVOMD) and metabolizable energy (ME). The study revealed a superior 

yield performance for the local variety. 
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The local and 16798 varieties were higher in organic matter digestibility. The stem fraction was 

highly digested compared to the leaf and whole at 12, 24 and 48 h. 

Keywords: Crude protein, Forage, Leaf: Stem, Napier, Organic matter digestibility. 
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CHAPTER ONE 

1.0 INTRODUCTION 

Forages are a major source of feed for ruminants in most tropical countries, with natural pasture 

being the single most important source (Alemayehu, 2003). The volume and quality of forage 

from natural pasture are influenced by season. In the wet season, most grazing lands are 

converted to farm lands to produce food crops. Animals will often have to travel long distance 

to find pasture. In the dry season, increased lignification and incidence of bush fire affect 

digestibility and biomass yield respectively (Peason and langride, 2008). 

However, the practice offorage cultivation is not common among small holder livestock farmers 

in the dry savanna zone of Ghana. Most farmers will prefer to cultivate food crops and use the 

residue as feed supplement for their livestock Since the food is the primary aim for cultivating 

food crops, the time of harvesting is always tied to the maturity period of the food. This often 

compromises the yield and quality of the crop residues generated from such food crops. This 

problem can be addressed when pasture is cultivated because the plants can be harvested at 

different maturity stages to benefit from both yield and quality (Ansah et al., 2010; Wangchuk 

et al., 2015). Farmers have also revealed that, the lack of planting materials and technical know 

-how were part of the reasons they will often not cultivate pasture to feed livestock but rely on 

natural pasture lands and crop residue (Personel corrnmmication). 

Elephant grass (Pennisetum purpureum) also known as "Elephant grass" is native to Africa and 

is high yielding in areas with good soil fertility and high rainfall (Kumar, 2013). Elephant grass 

is the preferred forage for smallholder livestock farmers in East Africa and it constitutes up to 

80% offorage grown (Wangchuk etal., 2015). 
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The wide cultivation of Napier in this region has been attributed to its wide range of adaptation, 

vigorous growth, high biomass productivity and deep root system which enables it to survive 

under dry conditions (Lowe et al. 2003; Anderson et al., 2008; Tessema, 2008). 

Yield of85.4 t/h without fertilizer application and a record high yield of 130 t/h with 1320 kg/ha 

of nitrogen fertilizer application have been recorded (Boonrnan, 1993). The yield of Elephant 

grass can be affected by geographical location which is largely influenced by temperature and 

rainfall (Haferkamp, 1978; Minson, 1990). Most Elephant grass growth experiments have been 

conducted in the humid or forest zone of Ghana where the climatic conditions differ from the 

dry savanna zone. The savanna zone for example has one rainy season with the average annual 

rainfall being slightly lower than what has been reported for the humid zone (Ansah et ai., 2010; 

GMA, 2016). Apart from rainfall, average annual temperature is also higher in the savanna zone 

than it is in the humid zone (GMA, 2016). Brown (1997) has reported that the availability of 

water is the most important environmental factor limiting growth and survival of range plants. 

Cooper and Tainton (1968) have also suggested that the optimum temperature required for 

growth of C4 plants ranges between 30-35 °C. Soil moisture and heat intensity which are 

influenced by temperature have been identified as factors that can significantly influence the 

plant's ability to absorb soil nutrients (French, 1957). Poor absorption of soil nutrient will often 

lead to poor nutrient composition of grasses. Hence the need to investigate the growth 

performance and fodder quality of Elephant grass in the dry savanna zone of Ghana. 

Varietal differences could be a major source of variation in biomass yield and fodder quality 

of Elephant grass (Minson, 1990). The variations in yield and nutrient composition of different 

2 
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varieties of grasses may be as a result of breeding objectives such as maturity date, growth habits, 

leaf: stem ratio, responsiveness to fertilizer and management practices (Crowder and Chede, 

Improved varieties of Elephant grass from the International Livestock Research Institute (ILRI) 

have been compared to the local variety for yield and nutritive value in the humid zone of Ghana 

(Dzimale, 2000; Ansah et al., 2010). The local variety compete favourably with the improved 

varieties from ILRI in the humid zone. Based on the biomass yield and nutritive value obtained 

in the Elephant grass experiments in the humid zone, three varieties from ILRI and the local 

variety were selected for another trial in the northern savannah zone. The northern savannah 

zone has the highest population of ruminant livestock (Otchere, 1986). The zone is characterised 

by a unimodal rainfall pattern with about seven months of dry season which significantly affects 

the biomass yield from natural pasture and fodder quality for livestock production. 

It is against this background that the biomass yield and fodder quality of four varieties of 

Elephant grass from ILRI were compared in the dry savanna zone of Ghana. 
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._ 

1.1 OBEJECTIVES 

.:. To assess the biomass yield of four varieties of Elephant grass in the dry savanna zone . 

• :. To evaluate the nutrient composition and in vitro digestibility of the botanical fraction of the 

four varieties of Elephant grass . 

• 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

" 

2.1 Feed Sources for Ruminant Production 

2.1.1 Crop Residues 

Crop residues are plant materials that remain after food crops have been harvested or processed 

The main crops found in the Sahelian zone are millet, sorghum, cowpea and some tubers (Sanon, 

2007). In northern Ghana groundnut haulms is also a common feed for animals especially 

ruminants. Millet is the principal grain crop in the dry semiarid zone (sole-cropped or 

intercropped with cowpea), comprising 65% of total output of West African countries, with 

yields of the residues estimated to be 1000 to 2000 kg DMiha (Williams et aI., 1997). As a greater 

portion of the land is used for the cultivation of food to meet the needs of a growing population, 

crop residues have become an important source of livestock feed (Harris, 2002). However, their 

availability depends on or is determined by the proportion of land under crops cultivation and 

the yield of the important plant parts. In the Sahelian area, especially in the dry season, they can 

constitute 40 to 60% of the total DM (Dry matter) intake by cattle (De Leeuw, 1997). 

Sanon (2007) observed that, the management of crop residues for livestock feed differs 

depending on the type of residues. Most of the cereal straws are grazed in situ whiles leguminous 

residues are collected as haulm for sale or for stall-feeding (Tarawali and Hiernaux, 2002). The 

collection of legume haulms can be attributed to their high quality as feed and also to their low 

availability compared to cereal straws. Cowpea haulrns are reported to yield 400 to 1200 kg/ha 

in Mali and 200 to 500 kg! ha in Burkina Faso when intercropped with sorghum (De Leuw, 

1997). 
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For groundnut, 400 to 700 kg/ha have been recorded in Mali and 700 to 1500 kg/ha in Nigeria. 

The nutritive value, as reported by Savadogo (1999), was 156 and 126 g/kg DM (Dry Matter) of 

CP (Crude protein), 610 and 570 g/kg Digestible Organic Matter(DOM), and 9.7 and 9.0 ME 

(Metabolisable energy), respectively, for cowpea and groundnut haulms. For cereal straws, the 

common practice in the Sahelian area is to remove a part that is stored in the homestead or 

between branches of trees in the field before the animals are allowed to graze. In an area that is 

more densely populated, all crop residues may be harvested for livestock feed and or for sale 

(Powell et al., 2004). 

Residues that are stored or conserved are used in the dry season to maintain productive animals 

or for fattening animals in association with legume haulms, agro -industrial by-products or 

browse fodder. On their way towards more humid zones, transhumant pastoralists make 

arrangements with crop farmers to graze their cattle directly on fields after harvest, exchanging 

feed for the provision of manure (Sanon, 2007). Some conflicting interests exist for the 

utilization of cereal straws, since they are also used as fuel, for fencing and roofing and as 

building materials, and to protect the soil against erosion or as sources of organic matter (Sanon, 

2007). The use of cereal straws as feed for animals is hampered by their low nutrient content 

value which Digestible Organic Matter and Organic Matter (Savadogo, 1999). Many studies have 

been done on improving their use for ruminant feeding, including physical treatments by 

chopping and treatment with urea or ammonia treatment (Fall, 1990). 

Even though crop residues are produced in large quantities in northern Ghana but their alternative 

uses not relating to animal production such as green manure, fuel (fire wood) and also poor 

handling and practices minimize their potential as animal feed. It is therefore important that other 

feed sources are explored to increase animal productivity. 
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2.1.2 Agro-Industrial By-Products 

By-products are products resulting from the processing of crops or the slaughter, processing of 

livestock and fish are called agro-industrial by-product (Preston, 1986). They have high nutrient 

content particularly protein (especially those obtained from seeds and products obtained from 

animals) or sugar (molasses, citrus and pineapple pulps) and occasionally in starch (rejected 

bananas, cassava peels) and are usually low in fibre (Sanon, 2007). Burkina Faso and Mali are 

Sahelian countries and the most important agro-industrial products found there are cottonseed 

and cottonseed cake. The quantities of agro-industrial by-products depend on the availability of 

the material being processed and the factory's capacity. There is a lower amount of by-product 

in rural areas due to the localization of the processing factories which are usually located in urban 

and peri-urban areas and in consequence, the cost of transportation makes the products often 

quite expensive (Sanon, 2007). Farmers with purchasing power and have their own transport can 

have easy access to them 

By- products are often exported by traders, which make them even less accessible to farmers 

lacking adequate infrastructure and marketing facilities. Not all products are used as animal feed 

for instance, Molasses is sometimes used as fertilizer in the sugarcane fields or to maintain the 

road and for the production of alcohol. 

Other feed stuff such as roots and tubers (sugar beets, mangles, sweet potatoes and turnips) can 

be produced on-farm and fed or grazed for their energy content or nutritious greens (Sal, 2007). 

Another way of decreasing pressure on rangelands is the idea of using crop residues that would 

otherwise be burned, either because they are needed for fuel or because double-cropping requires 

destruction of the residues. Many crop residues have potential as feedstuffs. Low -quality crop 

residues such as straw and stover may be treated with ammonia (urea is a source) or alkali to 
7 



2.1.3 Natural pasture 

improve digestibility of fiber and protein. Cattle can derive considerable feed value in the winter 

from grazing the residue left in the field after corn harvest particularly from spilled grain and 

husks (Fanatico et al., 1999). 

The rangeland plays an important role in the incomes of large number of rural peop le by 

providing forage and feed to animals (Faiz et al., 2013). Livestock grazing represents a system 

of land management in non-agricultural marginal areas, whereas on rangeland livestock grazing 

signifies the most suitable land use (Jones and Martin, 1994). Rangelands enhance the 

productivity of 30 million herds of livestock which contribute US$ 400 million animals. 

Previous policies have often favored the cultivation of food crops over livestock production 

resulting in misuse and having economically inefficient production potentials of the land. Better 

pasture lands are being used for crop farming leaving increasingly poorer lands for livestock 

production without thinking about the conservation of soil (Yaqoob and Javed, 2008). 

Rangelands are made up of indigenous forage plants and are grazed severely which takes place 

on permanent grazing areas, fallow land and on land following harvest. The palatable species are 

always selected first by animals and such plant are always high in nutrients and overgrazing can 

wipe them from the range (Solomon and Alemu, 2009). The availability and nutritional status of 

the native pasture varies according to altitude, rainfall, soil type and cropping intensity and the 

average pasture productivity for the highland is estimated to be 4 tlha (Alemayahu, 2002). For 

many locations, natural pastures are invaded by species oflow palatability (Solomon and Alemu, 

2009). 
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(SRID,2001). 

It is estimated that about 360000 km2 or 15% of the total land area in Ghana is used as permanent 

natural pastures (Oppong-Anane, 2001). If the unreserved Savannah woodland area of 71000 

km2 (that is 30% of the total land area) is added, then the potentially available land area for 

production of pasture is 107000 km2 or 45% of the total land area (Oppong-Anane, 2001). The 

bush fallow areas and land for other uses constitute 6000 km2 or 2.5% of the total land area 

However, these sections may be exempted from the potential pasture producing area as it 

includes settlements. The growth trend of forages takes the rainfall trend within the different 

agro-ecological zones. Within the coastal savannah zone, there is a growing season of seven 

months and a dry period of five months whiles in the Northern Savannah zone, the growing 

season lasts for five months and a dry period for seven months. The annual total dry matter yields 

have not changed much over the years and are 1965 and 2170 kg/ha in the Coastal and Guinea 

Savannah zones respectively. In both zones, about 80% of the yields are achieved within the 

growing season (Oppong-Anane, 2001). The highly lignified plant found in the natural pastures 

are estimated to give forage DM yield of 700 to 1000 kgIhaI year. 

The quality of the natural pasture herbage in terms of nutrients varies over the year. The protein 

content is high (8-12% DM) at the beginning of the rains but may drop to as low as 2 to 4 % DM 

in the dry season (Oppong-Anane, 2001). 

Phosphorus levels also vary ranging between 0.16 and 0.06% DM. Forages from shrubs and 

fodder trees are very high in protein (12%) and also in minerals and vitamins (Oppong-Anane, 

2001). The total forage production in the Ghana is estimated at 10600000 tonnes of which some 

70% emanate from grassland herbage (Oppong-Anane, 2001). 
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The annual total digestible nutrients (TDN) and digestible protein production levels are 5.93 and 

0.84 million tonnes respectively (Agrovets Consultancy, 1989). 

2.1.4 Improved or Cultivated Pasture and Forage Crops 

Improved or cultivated forages gives better productivity than the naturally occurring swards and 

have higher nutritional value. Several fodder plants have been tried within different ecological 

zones for their adaptability and a number of useful plants have been selected for different zones. 

Improved pasture and forages therefore, have been grown and used in government ranches, state 

farms, farmers' demonstration plots, research institutions and dairy and fattening areas in some 

Africa countries (Dzimale, 2000; Alemayehu, 2002; Ansah, et al., 2010). Increasing population, 

land unavailability and crop dominated farming has been limiting the introduction of improved 

pasture and forages to smallholder farming cormnunities and the adoption of this technology by 

smallholder mixed farmers has been generally slow (Mekoya et al., 2008). Yield of improved 

pasture and forage ranges from 6-8 t and 3-5 t DMiha respectively whiles that of tree legumes 

ranges from 10-12 t DMiha (Alemayehu, 2003). Even with the importance of improved pasture 

and forage plant, because of unavailable land and crop-dominated farming, there has been 

limited introduction of improved pasture and forages plant (Alemayehu, 2002). Pasture 

development is relatively difficult in the highlands areas compared to the humid zone, warmer 

and lower areas because of the kind of soil and climate. Stylosanthes hamata Cv.Verano has 

been identified as one of the most appropriate legumes for enhancing natural pasture in Ghana 

(Oppong-Anane, 2001). Estimate of about 5,000 ha of natural pastures have been overs own 

including leguminous plant in about 300 connnunities in the Savannah zones since 1994. 

Leguminous plants have however occupied a larger area as a result of dispersal of the seed by 

wind, rain and thro ugh droppings of grazing ruminants. Other ways of introducing Stylosanthes 
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.. _ hamata into the farming systems, including undersowing annual crops, have been used to a lesser 

extent. 

Undersowing crops with Stylosanthes hamata provide benefits to the plant through the fixing of 

nitrogen that reduces the need for inorganic fertiliser. After the crops has been harvested, the 

residue including legume forage is either grazed in situ or collected and fed to stock or conserved 

for later use. Sufficient seeds usually remain in the field at the end of the dry season for the 

legume to re -establish itself in subsequent years. Andropogon gayanus has also been used to 

improve natural pastures in the Sudan Savannah zone (Oppong-Anane, 2001). 

2.2 LIMITATIONS TO THE UTILIZATION OF NATURAL PASTURE AND FORAGE 

RESOURCES 

2.2.1 Fodder Quality and Quantity 

Natural grazing is the major source of animal feed and in the lowlands, livestock production rely 

on it for their feed. However, grazing lands cannot provide the nutritional requirements of 

animals particularly in the dry season because of their inherent low productivity and quality. 

Most of Ghana' s natural pastures are under-utilized, and the grasses are characterized by very 

rapid growth, with feeding value high only in the early part of the wet season, declining rapidly 

thereafter and becoming extremely low in the dry season. Even where the supply of dry matter 

is adequate in the dry period, it is highly deficient in protein, vitamins and minerals. 

The unavailability offeed, in terms of quantity and quality negatively impede the productive and 

reproductive performance of grazing animals (Oppong-Anane, 2001). 
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The lands in the Savannah zones generally have low organic matter that imparts a low fertility 

status to the soil. In the past, fertility regeneration was achieved through long fallow periods, 

which as a result of increased human population have been very much reduced or fast 

disappearing. The extensive grazing system pertaining in the zones causes minimal spread of 

manure over a wide area of the grazing land. Again because of night kraaling, animals do not 

enhance return of large qualities of manure to the fields resulting in great demand of animal 

droppings in both the rural and urban areas. In the farming areas animal droppings, will be used 

to improve soil fertility for cash crops such as maize rather than to improve pastures. Since 

inorganic fertilizers are not used on natural pastures, the land tends to lack some important 

nutrients and minerals, which will intend affect the condition of pastures (MoF A, 1998). 

2.2.2 Infertile Soils 

2.2.3 Overgrazing 

Grazing and browsing animals are over populated on natural range particularly areas close to 

water points are generally the most affected and grazing lands are dominated by unpalatable 

plants. In many pastoral areas, since the number of stock has socio-cultural value, it has a 

synergistic effect with the diminishing grazing lands. Soils are under risk of degradation with 

reduced infiltration, low permeability and a reduction in the water-holding capacity (Alemayahu, 

2003). The result is a reduction in the ability of the land to enhance plant growth. Another source 

of destruction to the range and forage resources is by transhurnant cattle which has been going 

on for many years and so far, no lasting solutions to the issue has been obtained. 

Though the negative impact of overgrazing by local herds of cattle may appear small, the influx 

oftranshurnant livestock predisposes a country to drastic overgrazing and damage to the soil that 

12 



would be difficult to reverse (Alemayahu, 2003). The migrant herdsmen often cause damage to 

rangeland resources by setting fire in the bush to enhance re-growth of new forage for their cattle. 

The cattle also constitute a potential means of introducing certain disease pathogens into the 

indigenous livestock (MOFA, 2016). The Economic Commission of West African States 

Protocol on Livestock and Transhumance allows herdsmen within the West African sub-region 

free access to countries in the sub-region with their livestock, which include cattle, provided they 

have valid health certificates covering their animals and use specific routes or corridors assigned 

by the state to specific grazing reserves (Alemayahu, 2003). 

2.2.4 Land Tenure or Change of Ownership 

t 
In Ethiopia grazing area possession is thought to be communal, where ethnic groups take care 

of grazing lands. Also, the government or local state can permit private interest in pastoral 

areas. Other than the loss of grazing land, venture may anticipate free development of 

pastoralists and start urbanization. If the nomadic pastoralists' sustainable way of life changes 

to sedentary farming, the tragedy of the common will become real unless some adjustment is 

made (CSA, 1996). 

2.2.5 Weed and Bush Encroachment 

Overgrazed natural lands are invaded by unpalatable weeds and woody plants. In pastoral areas 

misunderstanding of the traditional knowledge has led to restriction of management with fire. 

Fire is a natural component of tropical ecosystems; its absence has created bush encroachment 

(Alemayahu, 2003). Bush fires normally occur because of illegal and uncontrolled burning of 

bush after harvest to remove odd vegetation, or for hunting or just for fun. The incidence of bush 

fires can be correlated with human presence, as indeed can cattle density, since fire occur 
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field after farming or harvesting. 

._ normally in areas with very high numbers of cattle (F AO, 2006). Destruction done by fire to the 

natural pastures is very significant and is a factor contributing to the decline in the condition of 

both natural and sown pastures as well as the greatest constraint to the success of over sowing 

natural pasture with forage legumes. Uncontrolled bush fire burns hay and crop residues left on 

Although there have been efforts at educating the farming communities against bush burning, 

the impact has not been very successful, notably in the Coastal Savannah sectors. This may be 

due partly to lack of collaboration among the sectors in anti -bush fire campaign and inadequate 

logistic support to firefighting volunteers. When some anti-bush fire campaigners support early- 

burning as a solution to the incidence and the devastating effect of bush fire, others preach no- 

burning concept, this end up confusing the farmers about the right practice (Alhassan et ai., 

1999). 

Pasture establishment is not a common practice in livestock production in Ghana. Consequently, 

(the need for forage seeds and vegetative planting materials is very low) and erratic. Industries 

that engages in commercial forage seed producing cannot be found in the country and only a few 

multiplication units, on request from livestock farms, produce forage seeds by hand. Much 

extension effort is needed to educate livestock farmers on the benefits of introducing improved 

pastures into farming systems, while ensuring that seed and vegetative planting materials are 

readilyavailable(Oppong-Anane, 2001). 

Grass are the most extensive part of range vegetation. Usually grasses are more easily 

manageable, better in taste and quicker in digestion than shrubs and trees parts used for grazing 

and browsing animals (Sarwarand Nisa, 1999). According to Faiz et ai. (2013) comparing types 

of feed for animals, cultivated grasses have highest potential of starch and protein. 
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2.3 ORIGIN, DISTRIBUTION AND DESCRIPTION OF ELEPHANT GRASS 

Elephant grass ipennisetum purpureum) also called "Elephant grass" was named after colonel 

Napier of Bulawayo in Zimbabwe who early in the last century urged Rhodesia's (now 

Zimbabwe) Department of Agriculture to explore the possibility of using it for commercial 

livestock production (Boonrnan, 1993). Elephant grass is a major tropical grass, one of the 

highest yielding tropical plant and a very versatile specie that can be grown under a wide range 

of conditions and systems. It is an important forage and very popular throughout the tropics, 

notably in cut-and-carry systems (FAO, 2015). Clayton et al. (2013) reported that the plant is 

from tropical Africa and the sub-Saharan region. 

, According to Langeland et al. (2008) it has been widely introduced into tropical and subtropical 

regions where it connnonly becomes naturalized, and in some cases invasive. In 1913, it was 

introduced into the USA, and in the 1950s into Central and South America and the West Indies, 

and in the 1960s into Australia. It is connnonly naturalized and sometimes becomes invasive 

(CABI, 2014). Elephant grass is mainly located from lOON to 200S and often regarded as a weed 

in crops, along roadsides, waterways, wetlands, floodplain, swamps, forest edges, disturbed land 

and wastelands (Francis, 2004; CABI, 2014). It is a drought resistant plant and is a pioneer 

species in arid lands such as the Galapagos Islands (CABI, 2014). 

Elephant grass is a summer growing grass that grows from sea level up to an altitude of2000 m 

(Francis, 2004). F AO (2015) reported that the plant grows very well in areas wi th temperatures 

between 25-40 °C at annually obtain a rainfall of 1500 mrn Duke (1983) observed that the plant 

stops growing below 15°C and is sensitive to frost, though it can regrow from the stolon if the 

soil is not frozen. 
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Francis (2004) described Elephant grass as a full sunlight species that can still produce under 

partial shade but does not withstand complete shade under a dense tree canopy. Non-flowering 

forms of Elephant grass are important in agriculture since they grow fast, have low nutrient 

requirements, produce high yields, suffer from few pests or diseases (Calu, 2005). Langeland et 

al. (2008) also described the plant as a robust perennial grass up to 4 m tall, that grows and 

forming thick clumps or colonies from basal offshoots or short rhizomes. Stems are normally 

branched upwards, internodes more or less bluish glaucous, young nodes possess hairs which 

are white, later becoming smooth, glabrous. 

The leaf sheaths of Elephant grass are glabrous, usually shorter than the internodes and ligule a 

narrow rim densely fringed with long white hairs. Leaf blades linear to tapering, flat, often bluish 

green, to 1 m long and 3 em wide, pilose near the base, especially on margins; blade margins 

generally rough; midvein stout, whitish above and strongly keeled below (Langeland et al., 

2008). Inflorescence a dense terminal bristly spike, tawny to purple -tinged, to about 20 em long 

and 2 em wide. Spikelets 4-6 mm long, solitary or in clusters of 2-6 on hairy axis, surrounded 

by sparsely plumose bristles to 2 em long that fall with the spikelets at maturity; outermost glume 

minute or absent. 

2.4 IMPORTANCE OF ELEPHANT GRASS 

Elephant grass, as the name indicates is an important source of feed or forage for elephants in 

Africa (Cook et al., 2005). Elephant grass is very useful because of its high productivity and it 

is particularly suited for the use as cattle feed. The plant is mostly used in a system known as the 

cut-and-carry systems also called zero grazing system and fed in stalls, or converted into silage 

or hay. It has been reported that Elephant grass can be grazed by animals, provided it can be 

kept at the lush vegetative stage and livestock tend to feed only the younger leaves (FAO, 2015). 
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and stews. Leaf and culm infusions are reported to have diuretic properties (Duke, 1983). 

Elephant grass is the most important fodder crop for dairy farmers in East Africa (Ferrall et al., 

2001). Leaves and shoots that are tender are edible by humans and can be cooked to make soups 

It serves as a windbreak in horticul tural crops and orchards and lines of these plants are used to 

mark boundaries between plots and properties (FAO, 2013). In Africa, Pennisetumpurpureum 

is cultivated along riverbanks to avoid erosion, and the thick culms are used for making fences, 

screens, and reinforcement for mud huts (Francis, 1992). Elephant grass is also valuable to 

African landscapes as it prevents and protects the soil from erosion and can also serve as a source 

of fire break, a wind break, and to improve the soils fertility (Ferrallet al., 2010). 

It can be used to make mulch and also control soil erosion. It is known to be a weed controller 

and in Africa, it has been reported to be used as a trap plant in push-pull management strategies . , 
to fight against stem borers in maize crops (Khan et al., 2007). 

Cook et al. (2005) reported that many varieties of Elephant grass have been bred to suit local 

conditions and also there is a wide range of varieties in habits, yield potential and nutritive value. 

The "Merker" types of Elephant grass have numerous relatively thin stems, narrow largely 

glabrous leaves, high yields, and are resistant to Helmintho sporium. Dwarf cultivars (Merkeron 

and Mott, developed at the Tifton Station in 1955 and 1988 respectively) produce a lot of leaves 

and are high in nutrient (Cook et al., 2005). Hybrids of pearl millet (pennisetum glaucum) and 

Elephant grass possess the desirable characteristics of pearl millet such as vigour, drought 

resistance, resistance to disease, forage quality and seed size, whereas Elephant grass provides 

rusticity, aggressiveness, perennity, palatability and high DM yield (Timbo et al., 2010). 
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In Malawi, it is considered as cut-and-carry forage for stall feeder systems. In areas where 

adapted it is grown for green feed, silage and rotational grazing. Its stemmy nature reduces its 

usefulness for grazing by animals, as animals selectively eat leafy portions and leave stems 

behind. In Philippi, it is used to suppress the growth of Imperata cylindrica. 

Elephant grass is a renewable source of fibre with a wide potential use range as biomass or fibre. 

These include compressed boar, decorative fencing, insulating and packaging materials, paper, 

plant substrates and energy. The use of natural renewable fibres as substitutes for synthetic 

materials, which are based on finite petrochemical resources, has obvious advantages in the 

context of the environment and sustainability. However, farmers considering growing this crop 

should firstly have a profitable end use lined up as establishment costs alone are quite substantial 

(Caslin and Finnan, 2010). 

Thermal pyrolytic conversion is used to produce charcoal, biogas and bio-oil although this 

technology is not currently in use, it could be implemented as a means of providing energy to 

African cormmmities, while enriching the soils of the local landscape (Strezov et al., 2008). 

Elephant grass is an important fodder because of its high biomass yield, its ability to withstands 

repeated cutting or harvesting, its rapid regrowth and palatability to cattle in its young stage 

(Lowe et al., 2003). Nutritionally the plant contains 4-15% crude protein, 28-40% crude fibre, 

10-16% ash, 0.9-3.8% fat and 39-49% nitrogen free extract (Skerman and Riveros, 1990). In 

some part of the world such us China, the grass is also used as forage and raw material for paper 

industry and sometimes as culture substrate for mushroom (Zhou et al., 2007). 

18 



According to Calu (2005) thorough site preparation and weed control is essential to ensure good 

2.5 ESTABLISHMENT OF ELEPHANT GRASS 

establishment and when established, the plant can be in the ground for more than 15 years and 

above. Elephant grass is usually propagated by stems planted in spring at a density of20,000/ha. 

Before planting, broad spectrum weedicide must be applied to ensure better development and 

establishment. Shoots that emerge at the end of the first growing season are erected, robust stems 

and should be 1-2 m tall with a diameter of 10 mm (Calu, 2005). 

There is no need to reestablish the crop since new shoots appear each spring after harvest. Most 

lowland agricultural sites are very suitable or good for propagating Elephant grass with the 

highest yields produced on deep, moisture retentive soils . 

•• ._ 
\ 

A good yield can be achieved on a wide range of soils but the most important factor to high yield 

is moisture supply. It is advisable to avoid planting Elephant grass on sandy or free draining soils 

should be avoided since water freely pass through them It is important to consider these factors 

which are landscape, ecology, archaeology and public access during the time of site selection 

Well grown Elephant grass can reach over 2.5 m in height so its visual impact must be considered 

particularly ifit is planted close to a footpath (Calu, 2005). 

According to Cook et al. (2005), It does better or perform very well on rich, deep soils, such as 

friable loarns, but can also be grown on poorly drained clays, with a fairly heavy texture, or 

excessively drained sandy soils with a pH ranging from 4.5-8.2. 

To ensure that the plant obtain correct crop nutrition it is essential to have a recent soil analysis 

report before planting. The plant is tolerant to a wide range of soil pH; the ideal pH is between 
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Elephant grass is sterile and thus produces no seed so must be established by planting pieces of 

the root called rhizomes which are usually collected from 'nursery fields' where Elephant grass 

has already been established. A planting depth of 5-1 0 em is recommended (Caslin and Finnan, 

2010). 

5.5 and 7.5 For peat soils, the soil pH will always be lower and the ideal will be pH 5.0-5.5. 

Attention to soil pH will only be required on more marginal sites to ensure satisfactory soil pH. 

Mannetje (1992) reported that the plant bears very few seeds and is mostly planted vegetative 

through stem cuttings consisting of at least 3 nodes and 2 of which are buried inrows. Row width 

ranges from 50-200 em and distance within rows is between 50 and 100 em (after planting, 

Elephant grass grows vigorously and can reach 4 min 3 months (Skerrnan et al., 1990). 

Elephant grass is fast growing and has a high yearly productivity but its performance IS 

influenced by climatic conditions, especially temperature and rainfall (Artus-Poliakoff et al., 

1991; Aroeira et al., 1999). Elephant grass is not propagated by seeds for several reasons. First, 

due to cross - pollination the seeds are a mixed lot, thus the plants produced from them will not 

be uniform and their performance not predictable. The seeds often germinate poorly and 

seedlings become weak which will affect productivity. Also, poor seed-setting and shattering 

makes seed availability problematic. Because of this, vegetative propagation of Elephant grass 

is a routine or a common practice. The plant lends itself to easy propagation and the method 

assures gerrnplasm stability and quality preservation (Singh et al., 2013). The propagation of 

Elephant grass is done using stem cuttings (setts), rooted sterns or by splitting of rhizomes. The 

most common way of planting Elephant grass is by the use of setts. The mature sterns in the 

basal 2/3 zone with well-developed leaf buds are cut into sections of three nodes and planted 
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·- 
upright by burying two basal nodes into the soiL Another and more commonly used method is 

to place cut sections horizontally into shallow trenches (5 -1 0 ern) and cover the trenches. 

Knoll and Anderson (2012) observed that cuttings taken from the basal portion of the plant were 

more suited for planting than those from the younger upper portion of the plant Furthermore, in 

sub temperate climates, five and ten-node cuttings had a higher rate of after winter emergence 

than one or two-node cuttings, Woodward et al. (1985) suggested that cutting stems into short 

pieces as apical dominance causes the bud at the middle node dormant while buds on the nodes 

at the two ends start to grow normaL 

However, the position of stem cutting in the furrow had no effect on emergence or winter 

survivaL Several suggested planting densities has been reported from different parts of the world , 
depending on soil fertility, cultivar and harvesting purpose. In case of forage production, intra- 

• , 
row and inter-row spacing of 0.5 m x 1 m in Ghana Ansah et al. (2010), 1 m x 1 m in Kenya 

Nyambati et al. (2010) and 50 em x 50 em in Japan Ishii et al. (2005) have been suggested. 

Mukhtar et al. (2003) reported that where plant has to go through overwintering, high population 

density impacted adversely the number of stubble tillers emerging from underground stems. 

Elephant grass is normally reestablished every 5-6 years to maintain vigour of the stand under 

repeated cuttings for fodder. The interval for replanting when crop is harvested only once a year 

as in case ofbiofuel feedstock after the plant has reached maturity and have an opportunity to 

store sufficient carbohydrate in the rhizome and translocate mineral nutrients back to the root 

should be much greater but has not been determined yet (Singh et al., 2013). 
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2.6 CONTROL OF WEEDS, DISEASES AND PESTS 

The development of litter layer and the density of the mature crop, natural weed control always 

occurs (Calu, 2005). Clearing of weeds will help eliminate re-growth of undesirable plants, 

remove the dry root bound Elephant grass which will promote fodder re-growth by increasing 

soil aeration, and provide soil cover from mulching. This improves water infiltration and 

decrease evaporation of soil water and loss of nutrients. Weeding should be done as early as 

possible after planting and kept weed-free throughout the growth stage. It is suggested that hand 

weeding takes place after every harvest. 

'_ 

Aggressive weeds can be best controlled during the dry season and regular weeding helps to 

ensure that fertilizer applied after harvest will only be utilized by the forage crop. When planting, 

a closer spacing will ensure that the plant quickly forms a closed canopy that suppresses weed 

growth and planting of forage legwnes between and/or within Elephant grass rows will also 

ensure that the forage legwnes suppress other unwanted weeds. 

The most common cereal infections known to affect Elephant grass include barley yellow dwarf 

virus, which may reduce plant productivity and there are no insect pests that have significantly 

affected Elephant grass production although two 'ley pests', the common rustic moth and the 

ghost moth larvae, have been seen feeding on Elephant grass and might cause future problems. 

Leaf rust and fungal snow mould disease, (Beniowskia sphaeroidea) are known to affect 

Elephant grass (Goldson, 1977). 

The fungal disease affects leave of the fodder turning them purple with white spores at the base 

of the leaves, thus reducing both the quantity and quality of the fodder. 
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A research conducted indicate most cultivars are susceptible to diseases except Kakamega 3 and 

Bana that were more resistant and these results were in contrast to those from central Kenya 

Mwendia, et al. (2006) where Kakamega I and Clone 13 were the ones resistant to head smut, 

the major Elephant grass disease in central Kenya. Based on a field observation, the major pest 

was cereal stem borer, but its infestation was mild only affecting Clone 13 and Machackos 

hairless (Nyambati et al., 2010). Elephant grass commonly does not suffer from serious diseases 

and pests (Boonman,1993). But Lenne (1990) listed 66 fungal species associated with the plant 

but these does not cause any damage which is serious. Farrell et ai. (2002) however, reported 

that the plant harbour pests of other cultivated crops. 

• 
Moisture can be trapped on the leaf because of its hairy nature and lead to white mould 

(Spharaedea beniwoskiai, but this does not cause serious damage to the yield (Nyambati et al., 

2010). In East Africa, the existing cultivars have become vulnerable to head smut (Ustilago 

kamerunensis) (Farrell et al., 2001) and stunting disease caused by phytoplasma (Jones et al., 

2004), which results in severe yield losses. Thus, the need for breeding cultivars resistant to these 

serious diseases is obvious. Cultivars Kakamega1 and Clone13 have shown resistance to head 

smut (Mwendia et ai., 2006). According to Omayio et al. (2014) in a glasshouse experiments, 

apart from accession 16791 (Kakamegal) which was the negative check, only accession numbers 

16806,16783, 16835 and 16796 were still free of head-smut disease at the 11 th growth cycle. 

They further reported a molecular study which confirmed Elephant grass accession16806 to be 

resistant to head-smut disease, while accession numbers 16783, 16835 and 16796 were tolerant 

to head-smut disease (Omayio et al., 2014). 

In the molecular study, the detection of the pathogen in the accessions, although they are smut 

free under glasshouse experiments at conditions upon artificial inoculation, could be due to 
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internal resistance mechanisms that do not favour the aggressive establishment of the pathogen 

in these accessions, unlike in the susceptible accessions in a classic case of polygenic 

(quantitative) resistance (Keane, 2012). 

• 

An example of such internal mechanisms has been reported in sugarcane, attacked by the 

sugarcane smut (Ustilago scitaminea Sydow), where the crop produced increased levels of 

glycoproteins, with cytoagglutination properties as a defence against the pathogen's proliferation 

(Blanca et al., 2002; Ana-Maria et al., 2005). Furthermore, in pearl millet, similar biochemical 

defences have been observed against downy mildew infection (Niranjan et al., 2012). Accession 

number 16806 had no pathogen detected in its tissues, which can be attributed to complete 

resistance or immunity, which is the top most level of resistance that is characterised by complete 

absence of the pathogen and disease. Elephant grass experiment in Ghana have so far not 

recorded any diseases condition suggesting that the climatic condition in Ghana may be 

suppressing the occurrence of such disease or the varieties found in Ghana ma y be resistance to 

diseases. 

Figure 1 . A smutted Elephant grass crop head 

Source: Omayio et al. (2014) 
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Elephant grass is known to require relatively low amount of fertilizer due to the plant's efficient 

nutrient use and its capability to recycle nutrients into the rhizomes at the end of each planting 

period. Also at each leaf litter decomposition, soil and rhizome nutrient reserves plus 

atmospheric deposition meet the crop's nutrient requirements (Calu, 2005). 

2.7 FERTILIZER REQUIREMENT OF ELEPHANT GRASS 

• 

The matured rhizomes are said also to store up enough nutrients than the crop needs so after the 

first two years only small quantities of micro nutrients may be needed every two to four years to 

help maintain yields. To obtain good a minimum phosphorus and potassium soil index of 1 is 

needed and soil nitrogen must not be above 150 kglha for the first two years. Farmyard manure 

or treated sewage sludge could provide this (Calu, 2005). According to Ullah et al. (2010) DM 

yield of Elephant grass was influenced highly by N application up to 80 kg NIha and also by 

prolonging the harvesting period from 30 to 60-days and the highest DM (3.2 to 3.3 t/ha) was 

obtained by harvesting Elephant grass at 60-days interval with 80 or 120 kg N/ha fertilizer level. 

The least DM was reported from the plants harvested at 30-days interval. Plants fertilized at 40 

kg NIha when clipped at 60-days interval, produced more DM than harvested at 30 or 45-days 

interval of the plants fertilized up to 120 kg NIha. Heavily fertilized (80-120 kg NIha) plants 

probably did not utilize total available N during one growing season (Sengul, 2003). 

According to Malhi et al. (2004) several studies or research have indicated that the DM produced 

per kg of applied nitrogen sharply declined when N rates or level of application increases. Burle 

et al. (2003) reported that quantities from 200-600 kg NIha, 30-50% increase was recorded in 

the harvested foliage but above these levels, the recovery declined from 10%-20%. 
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It was thereof, inferred that as far as DM is concerned N requirement of Elephant grass in the 

growing season could be reduced to half by 60-days. 

According to Ullah et al. (2010) at 60-days harvesting interval along with 80 or 120 kg N/ha 

fertilizer level was the best for attaining maximum or higher dry matter yield from Elephant 

grass but the major production challenges are the initial expense of establishment and the high 

N rates needed to produce high biomass yields and so the cost of establishment can be minimized 

somehow by mechanizing planting operations. In order to reduce initial capital in establishment, 

other nutrient sources such as biosolids, livestock manures, and industrial by-products), can be 

used to cut the cost of chemical fertilizers (Woodard and Sollenberger, 2008). 

• 
The amount of fertilization application is said to vary with the kind of soil and is dependent on 

the existing fertility level. The reported range of maximum fertilization rate especially of 

nitrogen is wide. While Nitrogen rate of 80 kg N/ha to be adequate (Mohammad et al., 1988). 

Miyagi (1983) reported that forage yield increases to rates up to 600 kg N/ha and Sunusi et al. 

(1999) also reported continuous increase in dry matter yield by increasing N supply up to 1200 

kg N/ha but Walsmsley et al. (1978) did not find any advantage to yield above 170 kg N/ha. 

There are many reports on planting of Elephant grass in a mixture with legumes to obtain higher 

yield and also increase the nutritive value of fodder (Njoka -Njiru et al., 2006). It is suggested 

that in the tropics, trailing or shrub legumes are recorrnnended for companion cropping as low g 

rowing types may be shaded out by the canopy developed by Elephant grass. Tiley (1989) 

reported a combination of desmodium and the addition of 120 kg/ha fertilizer N resulted in higher 

yield from Elephant grass. 
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It has been reported that whiles fertile soil is needed to produce high protein Elephant grass 

forage, this plant has the ability to assimilate similar amounts of dry matter but with lower N 

composition in limited N soils (Quesada, 2005). Because low N content is needed for biofuel 

feedstock, this provides a unique advantage for the use of infertile land. With a soil containing 

0.03% Nand 4% annual mineralization rate (Wetselaar, 1967), the amount ofN mineralization 

equals 50 kglha. 

Quesada (2005) recorded accumulations in Elephant grass biomass of 270 kg/ha N in 15 months 

without N fertilization, which is much greater than that available from N mineralization in 

tropical soils. This brings into the equation the possibility of the presence of additional N supply 

source and importance to the suggestions of Bald ani et al. (1998) that biological nitrogen fixation 

might be an important source ofN for Elephant grass in poor soils. The report by Kirchhof et al. 

(2001) of the presence in this grass of N-fixing bacteria belonging to Herbaspirillum genus 

reinforces this possibility. 

De Morais et al. (2009) reported that N uptake by Elephant grass varied with the genotype and 

the N accunrulation that they attributed to bacterial associative N fixation varied from 240 to 343 

kglha. Quesada (2005) also observed that genotypic variation in the amount ofN accunrulation 

that can be assigned to biological N fixation. Observance of higher biological N under low soil 

N compared to higher soil N is similar to legume symbiotic N fixation. According to Robertson 

and Grace (2004), avoiding the use of each 100 kg ofN fertilizer accounts towards mitigating 

450 kg CO2 generated during processing, transportation and fertilizer application. 

Ra et al. (2012) report an interesting study regarding the effect of planting density on N use. 

According to this report, higher density planting from 20,000 and 40,000 plants/ha did not 

change yield, but helped cut down on N absorption from 775.1 kg/ha to 536.7 kgIha. Lower 
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Regular pattern of fertilizer application should always be followed by the farmers for this plant 

is a higher yielding grass. Thairu and Tessema (1909) reported that managing high yielding 

forages without fertilizer application is extremely impossible even in normal soil and rainfall 

conditions. Because the plant is a heavy yielder, it requires high amount of nutrients. On the 

other hand, nutrient management has great effect on yield and quality of the fodder grass. Even 

under better soils, it is important to ensure adequate soil nutrient levels to go with the forage 

removal. Further, balanced nutrient supply also ensures utilization of all nutrients. In general, a 

crop of common Elephant grass removes 463 kg ofN, 96 kg ofP (phosphorus) and 594 kg ofK 

(potassium) per ha/year (Walmsley et al., 1978). 

.. nitrogen absorption while maintaining the dry matter production is important to the farmer for 

cost management and also for saving fossil fuel required for nitrogen fertilizer manufacture. 

It is suggested that maximum productivity could be expected from applying N after every cut or 

harvest. It has been observed that applying recommended N P K fertilizer at the base gives higher 

establishment percentage and a higher yield of359 .7 tlha/yr. As the plant is a heavy user of soil 

inputs, some farmers are unwilling to handle of this type of high yielding fodder grasses. 

Although this grass responds very quickly for inorganic fertilizer, livestock manure that could 

be supplied within the farmer premises is an important resource for grass cultivation for these 

materials also help to improve soil physical properties and increase the activity of beneficial soil 

microbes. Hybrid Elephant grass fertilized with adequate organic manure especially that of 

poultry (2.62% N, 2.8% P and 2.82 % K) produced higher yield than those applied with inorganic 

fertilizer (Jayanthi, 2003). According to Premaratne and Premalal, (2006) application of 20 tlha 

(or 2 kg/plant) of farmyard manure before establishing grass cuttings had increased overall 

production of the plant. 
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2.8 ELEPHANT GRASS VARIETIES, GENETICS AND BREEDING 

Elephant grass requires high levels of fertilizer and a regular water supply (Mannetje,1992). 

Output varies between 20-80 t DMlha/year under high fertilizer inputs (Skerman and riveros, 

1990; Francis, 2004). In the absence or inadequate fertilizer, yields are in the range of 2-10 t 

DMiha/year (Bogdan, 1977). 

Exploitation of variation is the principle for all breeding and the most convenient way to import 

variation is from within species and therefore breeding begins with the acquisition of a genetic 

base population of diverse traits (Singh et al., 2013). In the case of Elephant grass, several 

research centers around the world, including Brazil, China, Puerto Rico, the USA, including 

several African countries and India, maintain germplasm collections, but these collections are 

not well characterized. ~. 
The breeder has to make sure that the genotypes in their germplasm bank are not just duplica tes 

and the assessment of variability among the genotypes of the collection is thus essential. 

Van de Wouw et al. (1999) studied eight agronomic and 20 morphological traits of 53 accessions 

of Pennisetum purpureum and P. purpureum x P. glaucum from International Livestock 

Research Institute (ILRI) field gene bank maintained at Zwai, Ethiopia in order to determine 

their variability for these traits. Several accessions were similar for all traits and appeared to be 

wrongly separated, other accessions varied significantly in both agronomic and morphological 

traits. 
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They grouped the accessions into five, based on agronomic, and six based on morphological 

traits. Lowe et al. (2003) analysed 56 ILRI accessions of P. purpureum, P. glaucum and P. 

purpureum <P. glaucum using random amplified polymorphic DNA markers (RAPD). A total 

of 49 showed none or very low intra-accession variability indicating the purity of clonally 

propagated genotypes. Many accessions had very closed RAPD profiles and could be grouped. 

Logically, only one accession out of every group would be needed to preserve the diversity of 

the original collection. 

, 

However, as Virk et al. (1995) cautioned, low RAPD diversity is not able to reflect the diversity 

at the quantitative trait loci (QTLs) controlling various important traits, and exercise of 

eliminating accessions from a particular collection should be corroborated by morphological/ 

agronomic data (van de Wouw et al., 1999). There was considerable amount of variability among 

groups. The neighbour-joining (NJ) dendogram clearly separated P. purpureum. P. glaucum and 

their hybrids. The main group of P. purpureum was separable into five significantly different 

(18.85 of total variance) subgroups. The germplasm collection had an overall Shannon's 

diversity index of 0.304 indicating a wide genetic base of the collection. 

Daher et al. (2002) reported significant differences among Elephant grass cultivars utilizing 

RAPD (Random Amplified Polymorphic DNA). Xie et al. (2009) analysed the variability among 

and within five existing Elephant grass cultivars in China including one Elephant grass x pearl 

millet hybrid using Sequence -Related Amplified Polymorphism assay (SRAP). The cultivars 

included introductions from the USA and Indonesia and two as a result of local breeding. The 

results showed the presence of significant genetic variations within cultivars, but the degree of 

this type of variation differed with the cultivar. The variation among cultivars was greater than 

within cultivars. 
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The percentage of polymorphic bands (PPB) at species level was 72.8%, which represent high 

level of variation among genotypes. They attributed it to the propagation of Elephant grass 

through clones and thus limited opportunity for sharing of genes as is the case among sexually 

propagated out-crossing species. 

Babu et al. (2009) analysed the genetic diversity among 30 Elephant grass accessions of wide 

geographical distribution. The percentage of polymorphic marker loci for RAPD and ISSR 

(Inter-Sequential Simple Repeat) markers were 86.6 and 90.3%, respectively. They attributed 

higher diversity values observed in their study than found by others to the selection of accessions 

of diverse origins. Summarizing, it can be stated that there is considerable variation in varieties 

of Elephant grass. 

Giant (tall) and dwarf types of Elephant grass are known to exist. The tall Elephant grass is 

robust, growing to 4 m in height and having up to 20 nodes (Henderson and Preston, 1959) and 

this type resembles sugarcane in habit and adaptation and forms bamboo-like stems when mature 

whiles the dwarf'Mott' Elephant grass bred at the Coastal Plains Research Station in Tifton, 

Georgia, has maximum height of 1.5 m (Hanna and Monson, 1988). Unlike the tall Napier grass, 

the dwarf type is very leafy and nonflowering. 

In east Africa, according to Goldson, (1977) particularly in Kenya, several tall cultivars have 

been selected and tested over a wide range of environments and the common varieties are Bana, 

French Cameroon, Clone 13 and Pakistan hybrid. The most popular is Bana and which have by 

short soft stems with broad leaves and has the least tendency to be stemy at maturity. French 

Cameroon grows up to 3 m is with thick stem and has a lot of hair. 
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Several varieties have different morphological characteristics such as tillering capability were 

observed by Mwendia et al. (2006) who reported that French Cameroon and Clone 13 produced 

greater tiller number than to Bana, Kakamega I, Ex-Githunguri and Kakamega ll. 

.. 

Uganda hairless was bred in Uganda by Thomas (Tiley, 1959). Cameroon and Gold Coast 

varieties were developed in South Africa from the seed of West African origin (Kennan, 1952), 

Clone 13 was developed from French Cameroon (Wijk, 1977). The Kakamega varieties 1 and 2 

were developed from IlRI accessions No. 16791 and 16 respectively that were improved by the 

author from ILRI accession/variety 16791 that had originated from Southern Africa. Elephant 

grass can form a hybrid with bulrush millet (Pennisetum purpureum (2n = 28) x P. americanum 

(2n=14). Bana grass was formerly thought to be a hybrid with (2n = 21) but itwas later confirmed 

that it is just an Elephant grass cultivar since it has 2n = 28. A Pakistani Napier hybrid, sometimes 

called bajra Napier hybrid is a cross between Elephant grass and bulrush millet. The dwarf 

variety'Mott' was bred in Gainesville, Florida at a research station (Hanna and Monson, 1988). 

Three varieties of Elephant grass namely local, 16798, 16783 and 16840 from the International 

Livestock Research Institute (IlRI) are preserved at the herbarium of the Kwame Nkrumah 

University of Science and Technology in Ghana (Ansah et al., 2010). 

2.9 VARIETY SELECTION 

Varieties that cope with different environment in the world are available for propagation. 

Farmers have developed a preference for dwarf cultivars for forage because they adapt 

themselves better to hand-harvesting practiced in developing countries and are also preferable 

than normal height cultivars for grazing (Williams and Hanna, 1995). 
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Mukhtar et al. (2003) reported that dwarf cultivars produce a lot of tillers, LAI, dry blade 

percentage of leaf blade but does not grow tall, mean tiller dry weight and total dry weight than 

normal cultivars, but the gap in total plant dry weight narrowed at higher plant densities. 'Matt' 

is a popular dwarf Elephant grass cultivar. In East Africa. 'Bana', French Cameroon, Clone 13 

and Pakistan hybrid are common cultivars, with Bana being the IOOst popular because of short 

sterns and broad leaves and less stem herbage at maturity (Nyambati et al., 2010). 

Elephant grass clump showing open architecture and narrow long leaves to permit efficient 

canopy light penetration. Cultivars with thick sterns should be IOOre suitable as biofuel feedstock 

because the stem stores a lot of cellulose. 'Wrunk wona' is described as a thick-stem superior 

yielding Elephant grass cultivar with high in vitro DM digestibility (Ishii et al., 2005). 'Taishi 

grass No.2' is another cultivar with favourable characteristics for biofuel feedstock. 

It is fast growing, adjusts well to a short growing season and is thus widely adaptable and yields 

high biomass (Tsai, 2009). 

2.10 YIElD OF ELEPHANT GRASS 

The total yield obtained from Elephant grass is influenced greatly on the amount and distribution 

of rainfall and of the rate of fertilizer application. Elephant grass can also be harvested twice 

yearly and even several times depending on the time of harvest. For full-season growth, Elephant 

grass should be fertilized with 150 to 300 lb ofN/ac in the spring in two split applications. 

Yearly productivity will generally be 10 to 20% lower and nutrient removal in harvested biomass 

twice as great with two versus one harvest per year. 
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For the purpose of two harvests annually, fertilizer application should be 100-150 lb ofN/ac in 

the spring and again after the first harvest and also for efficient management and utilization of 

the crop, harvesting pattern is very important (woodard et al., 2008). 

From a well-established field of Elephant grass, in 60-days the first harvest is ready and 

subsequent cuttings are taken approximately at an interval of 30-45 days. The plant normally 

lignified if allowed to become more matured which intend decrease the palatability and 

digestibility. 

For this reason, it is important to harvest the crop at right stage to feed animals and make silage 

if in excess. fodder of CO-3 grass, as other Elephant grass crossovers ought to be sliced near the 

ground or the stubble stature ought not be more than 5 -8 cm J ayanthi (2003), in India indicated 

that a CO-3 planted on wrinkle and covered gave the highest green fodder yield of375, 3 t/ha/yr , . 
while the least was recorded when the two nodal stem cuttings were planted vertically in edges. 

In any case, Versatile tests on wrinkle and covered planting in nearby condition is missing and 

it is difficult to give suggestion on it for local agriculturists. All Elephant grass cultivars differs 

in productivity depending on environmental conditions especially rainfall. Wijitphan et al. 

(2009) reported DM yields of 2.6-1 0.2 t/ha for each harvest, in more than 11 harvests of treated 

Elephant grass with supplementary water system in a locale of Thailand where every day mean 

temperature is in the range 16.0-6.2 °C; though a normal DM yield of 6.8 tlha/cut was delivered 

on fertilize sandy soil following 20 weeks in a wet (2430 mm yearly precipitation) and warm 

(25-30 °C) condition in Vietnam (Man and Wiktorsson, 2003). 
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Dry matter yields in the range of 5.8-16.6 tlha were produced over two cuts during the season by 

two Elephant grass hybrids in South Africa where annual rainfall averaged 750 mrn (Pieterse 

and Rethman, 2002). In a Ghanaian domain with high precipitation (1194 mrn) and temperature 

(21.0-34.0 "C), four Elephant grass assortments delivered 24.8-45.0 tlha of DM per cut over 

three harvest periods of30, 60 and 120-days, on sandy topsoil soils (Ansah et al., 2010). further, 

DM yields of up to 17 tlha for every cut were accounted for on the rich vertisols of the Ethiopian 

fields where yearly precipitation found the middle value of 625 mrn with a cool day by day 

temperature scope of 5-26 °C (Tessema et al., 2010). 

,_ 

Dry matter yields of up to 30.6 tlhalyr have been reported in Brazil (Jank et al., 2013). The 

significant returns in these studies were related with various plant qualities incl uding bountiful 

tillering and low leaf to stem proportion (Tessema et al., 2010), tall plants with high leafbiomass 

(Man and Wiktorsson, 2003; Ansah et al., 2010) and leafarea index (LA!) (Kubota et al., 1994). 

Increasing the cutting interval (that is advancing age of maturity) increased DM and nutrient 

yields significantly. 

• 

The first harvest of Elephant grass should be when it attains a height of 1-1.2 rn, which is usually 

three to four months after planting. At this stage, Elephant grass has high quality and sufficient 

dry matter. From that point, the grass ought to be gathered at interims of six to two months, when 

it accomplishes a similar stature (Orodho, 2006). To some degree this will rely on the Elephant 

grass assortment and its capacity to develop, climate conditions, soil ripeness, management 

practices and animal's needs. If well managed it can be harvested and gathered each month in 

hot and wet conditions like those at the drift, while amid the dry season it might be collected 

following 2 months. 
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During harvest a stump (stubble height) of 10-15 em is left; this tallness impacts yield quality 

and life expectancy of the grass. Herbage yields from Elephant grass cut too low or too high 

leaving no stubble or long stubble tend to diminish after some time and the constancy of the 

stand is also greatly reduced as this interferes with the growing points and weakens the rooting 

systems resulting in lower production in subsequent harvests. Leaving suitable stubble stature 

will give adequate sugar stores to ensuing development and particularly the stubble of the keep 

going harvest before the long dry time frame will energize quick development after the onset of 

downpours. The dry and wet seasons in East Africa influence the dry matter yield and quality of 

Elephant grass fed to dairy cattle (Orodho, 2006). In the humid zone of Ghana according to 

Ansah et al. (2010) local and 16798 varieties recorded high herbage yield, total leaf yield and 

total leaf stem compared to the 16840 and 16783. All the varieties had more leaves compared to 

stems and the tiller number for the varieties were the same. 

In spite of the fact that collecting at longer interims will give higher DM yield and expanded 

rough fiber, yet CP, digestibility, leaf to stem proportions and ash content will decrease. 

Variety 16798 gave a lower plant height compared to the other three varieties. Total herbage 

yield, total leaf and total stem yields were different for all the harvesting days. Harvesting at 60- 

days gave the lowest (22489 kg DMIha) dry matter yield with 120-days yielding the highest 

herbage (46013kglha DM). Total herbage yield increased with increase in harvesting day. The 

tiller numbers did not differ for the three harvest days. The plant height increased significantly 

as the plant aged. 
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2.11 EFFECT OF CLIMATE ON GRASS PRODUCTIVITY 

Various elements can influence grass quality and therefore animal production in semi-dry 

savannas. Water accessibility (Milchunas et al., 1995), fire (Trollope, 1982) and soil quality 

(Snyrnan, 2002) have been recognized as the central point influencing nutritional quality of 

grasses in semi-arid savannas. Haferkamp (1987) identified water, temperature and nutrient as 

some of the environmental factors that affect the growth and productivity of plants. Among these 

elements, water could be the real reason for low biomass yield and plant tallness. Water stress 

influences plant cell development, back off root improvement, leafand shoot development which 

influences C02 absorption and photosynthesis (Hsiao, 1973; Slyter, 1974). Higher temperatures 

are known to diminish plant development by bringing on dissipation of soil water, loss of water 

from plant parts. As indicated by Collins, (2010) the yields of tropical grasses rely on many 

variables, above all, soil fertility and natural conditions. Low soil fertility causes poor growth in 

plant leading to low productivity whiles good soil fertility is known to promote fast grow, better 

yield, quality and resistance to disease. Productivity amongst Elephant grass cultivars differs 

depending on environmental conditions, especially rainfall. 

Wijitphan et al. (2009) reported DM yields of 2.6-10.2 t/ha per harvest, in over 11 harvests of 

fertilized Elephant grass with supplementary irrigation in a region of Thailand where daily mean 

temperature is in the range of 16.0-36.2 DC; whiles an average DM yield of 6.8 tfha/cut was 

produced on fertilized sandy soil after 20 weeks in a wet (2430 mm annual rainfall) and warm 

(25-30 DC) environment in Vietnam (Man and Wiktorsson, 2003). Dry matter yields in the range 

of 5.8-16.6 tJha were produced over two cuts in a season by two Elephant grass hybrids in South 

Africa where annual rainfall averaged 750 mm (Pieterse and Rethman, 2002). 
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In a Ghanaian situation with high precipitation and temperature (1194 mm, 2l.0-34.0 "C), four 

Elephant grass assortments produced 24.8-45.0 tJha ofDM for each for three harvesting intervals 

of30, 60 and l20-days, on sandy topsoil soils (Ansah et al., 2010). 

2.12 ELEPHANT GRASS CONSERVATION AND PRESERVATION 

Various endeavors have been made to make hay out of Elephant grass Manyuchi et al, (1996) 

yet the succulent stems restrictthe rate of drying Snijders et al. (1992) and with abundance drying 

the stems may turn out to be hard and weak and less acceptable to domesticated animals. The 

option is ensiling the excess Cuhna and Silva, (1997) since leaving Elephant grass to become too 

mature may compromise the quality. However, the proportion of farmers ensiling is small (Valk, 

1990). Elephant grass can be ensiled however the quality of silage obtained relies on grass 

quality, the entire ensiling procedure and utilization of added substances Yokota and Ohshima, 

(1997). Successful ensiling to maximize nutrient preservation is achieved by harvesting the crop 

at the proper age, minimizing the activities of plant enzymes and undesirable epiphytic micro 

organisms (naturally present in the forage crop) and encouraging the dominance of lactic acid 

bacteria (Bolsen, 1995). As it has low fermenting sugars, energy sources, for exampl e, bran and 

molasses have been found to upgrade Napier silage quality (Yokota and Ohshima, 1997). 

Otieno et al. (1990) showed that banana could be successfully ensiled when 1 m tall (101-days 

after planting) and cut, wilted, chopped and ensiled with molasses additive at 5% by weight of 

material (green matter basis). Also, a research conducted in Kenya, to observe how nutrient is 

loss in three preserved forms of Elephant grass it was indicated that between fresh, dried and 

ensiled Elephant grass the silage and hay preserved nutrients with equal efficiency. 
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2.13 INTERCROPPING ELEPHANT GRASS 

Therefore, surplus wet season Elephant grass could be preserved for use during dry season under 

tropical climate (Brown and Chavalimu, 1985). 

Elephant grass is generally planted as a sole crop. Also, it can likewise be under sown with crops, 

for example, maize Wanjala et al. (1983) or intercropped with forage legumes (Kusewa et al., 

1979). When planted with maize, it is planted 12 weeks in the wake of sowing maize ata distance 

of75 x 30 em, as this has been appeared to give the best maize yield. However, if the primary 

harvest is Elephant grass, delayed planting decreases its yield. At the point when Elephant grass 

and maize are planted in the meantime, Elephant grass yield is increased, without essentially 

lessening maize yields (Wanjala et al.,1983). 

According to Ordho, (2006) in Kenya, it is generally grown and managed as a pure stand but 

Elephant grass can grow in mixture with legumes. It can grow as an intercrop inside the row or 

inside alternative rows with legumes, for example, Pueraria phaseoloides, Centrosema 

pubescens, Neonotonia wightii, Desmodium uncinatum, Desmodium intortum and Stylosanthes 

guianensis. At the point when intercropped with herbaceous legumes, cutting or grazing 

management is changed in accordance with support the legumes to keep up an acceptable 

blended sward. Elephant grass can also be grown as an alley crop with fodder legumes such as 

leucaena, (Leucaena leucocephala), calliandra (Calliandra calothyrsus) sesbania (Sesbania 

sesban) and gliricidia (Gliricidia sepium). 

Legumes help improve the quality of Elephant grass-based feed and also contribute to the 

increase of the overall yield. According to Kabirizi (2006), maize was intercropped with La blab 

purpureus cv Rongai and Elephant grass was intercropped with Centrosema pubescens, 
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Macroptilium atropurpureun and Desmodium intortum. Intercropping Elephant grass with 

forage legumes increase Elephant grass plant growth, total fodder DM yield and CP yield by 12, 

22 and 44%, respectively when compared to the monocrops. 

The higher growth rate of Elephant grass plants and total fodder DM yields in intercrops 

compared to monocrops may be attributed to the presence of forage legumes that improved 

growth of Elephant grass and maize plants. The forage legumes provide soil cover which reduces 

water loss from soil by evaporation and minimizing the effects of weeds in the intercrops. In any 

case, as indicated by Kabirizi et al. (2007) improved total fodder DM yield in the intercrops 

could also have been due to additive and complementary effect of legumes and Elephant grass 

that raised the productivity per unit of land. For most part planting Elephant grass with 

herbaceous legumes increases the DM yield and CP of the feed. The joined dry matter yield is 

t , higher than the yield of Elephant grass alone. Starting legume establishment is moderate with 

quick development later, not withstanding, Mwangi and Wambugu (2001) reported poor 

steadiness of vegetables, for example, Desmodium intortum in light of the fact that less 

consideration was given to the legume when arranging row spacing, planting time and so forth. 

Fodder trees and shrubs give helpful cattle nourish because they are green and are of high quality 

for most of the dry season, producing ample green matter at a time when there is less available 

and they regrow at a rapid rate complementing Elephant grass forage in a cut-and-carry system 

The most helpful are those which enhance soil ripeness by nitrogen fixation; give top notch 

mulch and soil disintegration control and which do not go after for nutrients and soil moisture 

with the nearby Elephant grass on the forms, because of their more profound root framework 
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In addition, some fodder trees and shrubs may give shafts and fuel wood. Fodder shrubs can be 

successfully grown in mixtures with Elephant grass with the fodder trees/shrubs in hedges and 

the Elephant grass planted in alleys between them Elephant grass in the alleys can be 

intercropped with herbaceous legumes such as desmodium or butterfly pea. Those that have 

shown promise include: Leucaena, Calliandra, Sesbania and Gliricidia (Ordho, 2006). 

2.14 NUTRITNE VALUE OF ELEPHANT GRASS 

The CP content of Elephant grass is low (about 10% DM) but young grass can be very nutritive. 

In Venezuela protein concentration ranges from 21 % DM at 30-days of regrowth to less than 4% 

DM at 70-days. Elephant grass contains a lot of fibre which depends on stage of maturity and its 

l\TDF concentrations vary from 55 to 75% DM (Moran, 2010). Kozloski et al. (2005) reported 

-, that in Brazil, Elephant grass hay did not vary among sample cut at 30, 50 70 and 90-days of 

regrowth in DM, OM, NDF and lignin substance, yet ADF and non-structural carbohydrates 

increased linearly and also Non-Protein N accounted for almost all soluble N contents, which 

increased fourfold from 30 to 70-days and decreased at 90-days of regrowth. The moisture 

content of Elephant grass is high, DM substance can be as low as 12%, with leaves containing 

16% DM and sterns just 9% DM (Moran, 2010). 

A decline in nutritive value was reported in Central Africa and Indonesia in the dry season (less 

protein and more lignin) than what was observed in the rainy season (Evitayani et al., 2004; 

Pamo et al., 2007). Milford, (1960) reported that in Australia (Queensland), the mature stand 

over Elephant grass was found to have a high nutritional value, because it is unaffected by frost, 

and also remains fresh, green and succulent throughout the winter and spring. 

In many nations, phosphorus, magnesium, sulfur, copper, zinc and selenium content of Elephant 

grass was for the most part beneath the basic level to fulfill requirements of grazing livestock in 
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the tropics, yet calcium was adequate (Nasrullah et al., 2004). In the humid zone of Ghana high 

DM recorded for variety 16783 and 16840. But these same varieties had the highest lignin. Local 

variety and variety 16798 had a lower dry matter content yielded a lower lignin and high 

cellulose compared to the variety 16783 and 16840 (Ansah et al., 2010). They further reported 

that increase in DM, ADF, NDF and Acid Detergent Lignin (ADL) with increase in harvest day 

is in harmony with the report of Bayble, (2007) who recorded a similar trend when Elephant 

grass was harvested at 60, 90 and 120-days. 

Barnes et al. (2008) reported an increase in DM, ADF, NDF and ADL with an increase in 

maturity date in timothy grass (Phleum pratense). The CP decreased with an increase in harvest 

day. Crude protein levels decreased by 27% from the 60-day harvest to the l20-days even though 

the 60-day harvest yielded the highest cellulose and CP it recorded the lowest herbage yield, 

plant height and tiller mnnbers (Kranberger and Klemencic 2003; Bayble 2007; Peiretti, 2009). 

According to Orodho, (2006) when harvesting time is extended in terms of nutrient content, it 

also increased the CF, ADF, NDF and ADL percent in the plant. However, CP and ash percent 

was markedly decreased as the cutting interval increased. Increasing cutting height had no effect 

on DM yield and yield of nutrients, but in terms of nutrient content, it decreased CF content. 
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2.15 FACTORS AFFECTING THE DIGESTIBILITY OF GRASSES 

Digestibility of Elephant grass is one of the most common interests of researchers (Tudsri et ai., 

2002). Digestibility is one of imperative parts of forage quality (Ball et ai., 2001). Forage 

digestibility and quality can be influenced by factors such as Environment, Crasta and Cox, 

(1996), plant morphology and development (Burns et ai., 1997). 

Subsequently, there is an alternate arrangement of reactions especially as rumen degradation can 

be a good prediction of intake livestock consumption, digestibility and rumen digestibility in 

vivo (De Boever et al., 2003). In view of digestion, digestion on each kind of feed is dependent 

on physical properties and rumen degradation information. The feed is intimately associated with 

plant cell wall basis to determine consumption and feed digestibility (Toharmat et al., 2016). 

The other factors that affect the rate of digestibility are feed consumption, pH, type and amount 

of rumen microbial populations (Rasjid, 2012). The level of feed digestibility was influenced by 

the nutritional composition of each raw hour's species feed mainly crude protein content (Soltan, 

2012). The presence of microbes in the rumen during the time incubation process will affect the 

level of feed digestibility in sacco (Kustantinah and Shintasari, 2008). Feeds were more easily 

degraded by rumen microbes when incubated in goat's rumen (lkhimioya et al., 2005). 

~ 

The fourth type of local rate of degradation is strongly influenced by the composition of cell 

contents (Hadi et al., 2015). It was easily digested and quickly dissolved as starch and protein. 

Quality diets of different protein showed that a high protein feed degraded faster than low protein 

feed (Promkot, 2007). Acid detergent fiber (ADF) and NDF substance ofPangola grass appeared 

to be generally influenced via season as opposed to geographic area or genotype, and its CP 

content was for the most part influenced by geographic area and season (Chen et al., 1997). 
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Chen et al. (1999) indicated that ADF and CP contents of Pangola grass were more correlated 

with accumulated temperature than harvest interval. On the other hand, ADF, NDF and CP 

contents of Elephant grass were more affected by harvest interval than geographic location or 

season (Wang et al., 2003). Both in situ DM digestibility and in vitro DM true digestibility 

(NID) of Pangola grass and Elephant grass had significant negative correlation coefficients 

with their ADF and NDF contents (Chen et al., 2003). 

To improve the efficient utilization of Elephant grass, a supplement of high CP such as legumes 

is required (Tessema and Baars, 2004). The digestion of Andrpogon gayanus leaves with higher 

content CP were similar to the stems (Bohnert et ai.,1986; Rodriquez, 1985; Haggar and Ahmed 

1971). Also, it has been reported by Van Soest (1994) that the declined in digestibility value of 

grasses is due to the increase of cell wall proportion and lignin concentration. Digestibility of 

vegetative Rhodes grass, as with other C4 grasses, is limited by its high NDF content and the 

chemical bonds between its cell wall polysaccharides, lignin and phenolic acids (Akin and 

Hartley, 1992). 

2.16 FACTORS AFFECTING IN VITRO GAS PRODUCTION 

The rearing system of the donor animals, their feed and the planning of inoculum gathering may 

all have impacts on consistency of results between runs (Williams, 2000). It is so for animals fed 

the same diet and also managed under the same conditions. It is better that samples ought to be 

gathered from numerous animals, after then added, to decrease variety Williams (2000) because 

variability among animals, as assessed by the in situ technique, can be higher than between day 

variation within animals (Mehrez and Orskov, 1977). 
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Other factors affecting the inoculum are effect of donor species, inoculum concentration and the 

sources of inoculum 

2.16.1 Changes in Atmospheric Pressure 

Atmospheric pressure can change over the span of in vitro incubation (Pell et ai., 1998). 

Observation was made amid summer electrical storms at Cornell University in Ithaca (NY, 

USA), the change in pressure could be as much as 0.4 kPa. 

" 

On account of frameworks that uses pressure transducers, this could be an issue as pressure the 

fermentation vessel is measured in respect to atmospheric pressure. In the system of Cone et al. 

(1996) the pressure accurrrulation that is required to bring about the valve to open is just 0.25 

kPa. In this way, amid a tempest Pell et al. (1998) recommended that valve opening could be 

deferred low pressure weather front passes and accelerated as atmospheric pressure rises at the 

end of a storm. Theodorou et al. (1994) also observed that the volume of gas produced, as for a 

change in atmospheric pressure, was influenced by height, and this should have been considered 

when looking at results between research centers. 

Low pressure weather front passes and accelerated as atmospheric pressure rises at the end of a 

storm Theodorou et al. (1994) also observed that the volume of gas produced. In any case, in 

vented frameworks, this is just conceivable if blank: fermentation creates enough gas to bring 

about normal valve openings, for the most part amid the initial 6 h of fermentation (Pell et al., 

1998). They prompted that atmospheric changes be recorded amid incubation Afterward, 

Schofield (2000) proposed that it was conceivable to take into account changes in atmospheric 

pressure but recording comes about in respect to a reference pressure. 
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Schofield (2000), however concluded that most changes in atmospheric pressure are not 

sufficient to have much effect on gas production profile. 

2.16.2 Effect of Sample Size and Preparation 

Schoner (1981) reported that increasing the volume of sample caused a linear increase in total 

gas volume, but the rate of gas production is constant. The sample weight used by different 

research groups ranged from 100 to 1250 mg (Getachew et al., 1998). Lower sample weights 

used may make the system more prone to experimental errors in weighing of heterogeneous 

samples. It is essential that the framework is fit for buffering the acid created, and that the 

gathered pressure is not all that high that it influences the gas production profile on account of 

expansive sample. 

Utilizing cereals as substrates brought about particle size baving no impact on gas creation 

profile as detailed by Trei et al. (1970) and Lowman et al. (2002) gave that the grain portion had 

been cut (Lowman et al., 2002). With highly soluble feeds, it would appear that as long as the 

feed bas undergone some abrasion, its particle size does not affect with fibrous and more slowly 

degraded feeds, gas production rate increases as particle size decreases (Menke and Steingass, 

1988; Lowman et al., 2002) and it appears to be likely this is an outcome of expanded surface 

territory therefore of crushing, consequently permitting better microbial get to. Also, this 

displays an issue when using the in vitro gas creation profile to predict kinetics of degradation 

and fermentation in vivo, as substrate particles are constantly evolving shape, size and 

composition in the gut (Lowman et al., 2002). 

Although adoption of a standardised approach to sample preparation may be possible to enable 

comparison between independently produced gas production data of different feeds, it seems 
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unlikely that gas production profile will represent kinetics of plant biomass as it is digested in 

the rumen (Lowman et al., 2002) or in the hindgut of monogastric animals, although in the case 

of the latter, Processes of mastication will not further disturb the physical nature of the feed. 

Menke and Steingass (1988) showed that drying silage at 60 or 105°C had no effect on total gas 

volume produced, but it did affect gas production profile. However, there was no difference 

between the gas production profile of maize meal or maize residues when they were freeze-dried 

or dried at 60°C. In contrast, Cone (1998) observed that freeze drying enhanced gas production 

of substrates compared with oven drying. He also noted that fresh silage samples had a different 

gas production profile compared with their dried counterparts. 

Sanderson et al. (1997) observed that rate of fermentation of silage in vitro was grossly 

overestimated if a ground and freeze-dried sample was used, rather than a fresh or chopped 

sample, although effects of drying were confounded by differences in particle size of samples. 

2.16.3 Effect of Agitation of the Medium 

There is a vast variation in systems in agitation of bottles during incubation. For example, the 

automated system of Cone et al. (1996) uses a water bath which is done by using the hand to 

agitate it, whiles that ofPell and Schofield (1993) uses a magnetic stir bar that intermittently stirs 

the medium. The manual pressure transducer technique of Theodorou et al. (1994) in contrast, 

permits shaking only when a measurement is made. 

Wilkins (1974) vigorously agitated vessels at 200 oscillations/min, which was four times faster 

than that of Cone et al. (1996) and more vigorous than the intermittent stirring of Pell and 

Schofield (1993). Results of Wilkins (1974) showed no effect of agitation on lag time, but he did 

observe that shaking increased rate of gas production. There was no change in the pattern of 
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fermentation, in yield of microbial biomass, when the medium was agitated Stevenson et al. 

(1997) but Pell and Schofield (1993) observed that the coefficient of variation of the gas 

production profile increased if the incubation medium was not agitated. 

Pell and Schofield (1993) reported that the C02 tended to form supersaturated solutions ifshaken 

is not done. In a study by Rymer et al. (1998), volume of gas produced by adding propionic acid 

to a medium increased 58% when shaking speed was increased from 0 to 45 oscillations/min, 

although there was no further increase in volume of gas produced when shaking speed was 

increased to 60 oscillations/min. In a subsequent experiment using a manual pressure transducer 

technique, there was no effect of agitation (Rymer et al., 1998). 

A comparison between laboratories in which the automated system of Cone et al. (1996) that 

agitates the medium, was compared with the automated system of Davies et al. (2000) which 

does not, found no consistent differences between apparatus, and data between apparatus were 

well correlated (Rymer et al., 2005) suggesting that agitating the medium has relatively little 

effect on reproducibility of results within and between laboratories, though a consistent approach 

within experiment is advisable. 

2.16.4 Effect of Medium Composition 

A differentiation should be made between 'medium' (that is a solution containing a number of 

components including buffering agents, trace elements, true protein and reducing agents) and the 

'buffer' that is a component of the medium because there is a considerable variation in the 

composition of the medium used between gas production techniques (Groot, 1998). 

The bicarbonate component of the buffer complicates interpretation of the gas production profile, 

because of indirect gas that is produced by the reaction which occurs between bicarbonate ions 
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However, Omed et al. (1998) suggested that phosphate could completely replace bicarbonate in 

the buffer, although microorganisms require both bicarbonate and phosphate for growth (Groot, 

1998). According to Kennedy et al. (2000) Phosphates also increase fibre digestibility to some 

extent and so phosphate buffers might also cause changes in gas production profile. 

and fermentation acids. But it is an important part of the rumen buffering system, and is added 

in all media which will help simulate rumen conditions more closely. 

Rymer et al. (1998) examined the composition of a variety of media used in gas production 

techniques, with the objective of determining effects of various media compositions on the 

volume of indirect gas produced. The media of Goering and van Soest (1970), Theodorou (1993), 

Steingass (1983) and Huntington et al. (1998) were compared. Aliquots of propionic acid 

(2mmol) were sequentially added to each medium until 12mmol acid had been added, and the 

volume of gas produced was measured. Although the Goering and van Soest (1970) medium 

produced more gas, compared with the other media, the difference was very small (14.8 rnI/mmol 

acid compared with 13.7, 14.1 and 13.7 rnI/mmol acid) for the Theodorou (1993), Steingass 

(1983) and Huntington et al. (1998) media, respectively. 

There was no difference between media in initial pH, but there were large differences in the final 

pH, with the media of Steingass (1983) and Goering and van Soest (1970) maintaining a pH 

above 5.5, while others had a pH of5.42 and 54 (Theodorou, 1993) and 5.29 (Huntington et al., 

1998). In a study reported by Fakhri etal. (1997) the pH at 72 h of incubation of wheat and maize 

grains was much lower with the Steingass (1983)medium, but there was little difference between 

the media of Goering and van Soest (1970) and Theodorou (1993). 
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A considerable amount of research has investigated the use of alternatives to rumen fluid as a 

source of inoculum (Mauricio et al., 2001). The necessity for fistulated animals to provide this 

inoculum raises a number of practical problems, e.g. surgical facilities, constant care to avoid 

infections and costs associated with the long-term maintenance of these animals (Mauricio et al., 

2.17 SOURCES OF RUMEN FLUID FOR IN VITRO GAS PRODUCTION 

2001). 

Several studies, reviewed by Omed et al. (2000) have demonstrated faeces to have high potential 

as an alternative inoculum for in vitro digestibility techniques. The successful use of a 43-1iquid 

suspension of faeces has been reported from Sheep (Varadyova et al., 2005), Cattle (Holden, 

1999), Mabjeesh et al. (2000) and as of late from horses (Lattimer et al., 2007) and Murray et 

al. (2008) to gauge digestibility of range of feed. To a limited extent, this has been to devise 

more proper inocula or hindgut fermentation in monogastric species. In this way, caecal fluid 

from birds (Williams et al. 1997), pigs (Groot et al. 1998) and ponies (Lowman et al., 1996) has 

been utilized as a part of avian, porcine and equine nourishment, separately. 

In ruminant nutrition, the driving force has either been to reduce use of surgically modified 

animals and/or to provide a more standardised inoculum is conceivable with variable rumen 

liquid. A few looks into have turned out with the finding that faeces, bacterial cultures, 

continuous culture and cell-free enzymes can be used as alternative sources of rumen fluid. 

2.17.1 Rurnen Content from Abattoirs 

Chemical composition of pasture vegetation is relevant, particularly in combination with in vitro 

digestibility, to evaluate the nutritive value of browse species which are not known previously 

(Laudadio et al., 2009). 
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Consequently, a detailed survey of browse species is important to identify the better shrub 

species for ruminants, in terms of nutrient content and digestibility. In vitro digestion techniques 

using rumen liquor as a microbial inoculum have proved useful in assessing the relative 

digestibility of many feeds (Minson, 1990). 

The search for a better labour efficiency technique has led to the development of the Daisyll 

apparatus (ANKOM® Technology Corp., Fairport, NY), which allows simultaneous incubation 

of different feedstuffs in sealed polyester bags in the same incubation vessel. Results previously 

showed that the use of rumen fluid or faecal liquor inoculum with a closed-system fermentation 

apparatus (Daisy II Incubator) yielded valid in vitro estimates of DM and fibre digestibility of 

forages and grains (l.a.ttimer et al., 2007; Tufarelli et al., 2010). Furthermore, this technique 

allows the estimation of in vitro digestibility of a large number of samples simultaneously, In 

addition to recovery of the residue for the final prediction of in vitro digestibility offeeds. 

Currently, some researchers have proposed the use of rumen fluid from slaughtered animals in 

place of the fistulated ones (Mohammed and Chaudhry, 2008; Chaudhry and Moharrnned, 2011). 

The results from the use of rumen fluid from slaughtered animals are highly correlated with 

Tilley and Terry in vitro Organic Matter digestibility (IVOMD) (R~0.73) and ME (R~0.92). 

Although slaughtered cattle may be used as an alternative source to obtain rumen fluid, obtaining 

rumen fluid from slaughtered animals needs transport man-hours and time adjustment between 

researchers and abattoirs (Chaudhry, 2008). Therefore, it would help if the rumen fluid from 

slaughtered animals could be preserved in sufficient quantities for subsequent incubation with 

various feeds to estimate their in vitro degradation on regular basis. 
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2.17.2 Bacteria Culture 

Bacteria cultures can be used to produced standard inoculum without the need for experimental 

animals providing such a culture. Luchini et al. (1996) compared freeze-dried and frozen rumen 

bacteria with fresh cultures and observed initial differences at later times. 

Rates of protein degradation were similar for fresh and frozen bacteria, but much lower for 

freeze-dried bacteria. They concluded that if frozen bacteria were incubated over night, they 

could be used as alternative inoculum but that freezed-dried bacteria were not a viable option. 

Rymer et al. (2005) investigated the use of a bacterial culture made from mixing pure culture of 

Ruminococcus flavefaciens, Fibrobacter succinogenes, Ruminococcus albus, Selenomonas 

ruminantium, Butryrivibrio fibrisolvens, Prevoletta ruminicola and Streptococcus bovis and 

compare gas production profile of several feeds produced by rumen fluid inoculum. 

Although there was difference in the shape of the gas production profile, with the bacterial 

culture producing gas at a much lower rate and in two distinct phases, there were good 

mathematical relationship between gas production profile of the inocula. Fresh feces may not 

always be available. The advantage of using the frozen inoculum is that aliquots can be prepared 

and used for more than one fermentation experiment, thereby supplying repeatable and 

reproducible results at least over a period of several months. Therefore, using frozen fecal 

inocula the in vitro GP technique would enhance the versatility of this technique. Information on 

using frozen inocula in GP studies is limited especially to ruminants (Hervas et al., 2005). 

2.17.3 Feaces 

Faeces can be used an inoculum and that can help overcome the need for surgically modified 

animals, although the effect of the donor animals diet might still have an impact on faecal 
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microbial activity although presumably this would be much less than its impact on rumen fluid. 

for ruminant (sheep, goat and cattle) the faecal microbial number differs from that of the rumen 

fluid for has been influenced by gastric digestion and the contribution of the caecum to the 

microbial population. The study of monogastric hindgut digestion would be easier to simulate 

using monogastric feaces as a replacement for ceacal digestion. Lowman et al. (1996) observed 

similar results when using feaces or ceacal fluid from ponies. Machbeouf et al. (1998) also 

observed that ceacal fluid and feaces from horses produced similar potential gas volume from 

54 forages. Notwithstanding, faecal inoculum brought about quicker rates of fermentation with 

some forages. It was imagined this was on the grounds that faecal inoculum had a higher content 

of microflora contrasted and caecal digesta. 

For pigs, Bauer et al. (2004) indicated that defecation was exceptionally illustrative of microbial 

movement of digesta from whatever is left of the internal organ, in spite of the fact that there 

were some little contrasts with caecal substance. End point measures such gas produced or 

digestibility after 24 h or more from faecal inocula are well related to estimate using rumen fluid 

inocula (Cone et al., 2002). 

2.18 DETERMINATION OF FEED QUALITY 

Recent ways of ration balancing include the manipulation of feedstuff to increase the quantity 

and quality of protein and energy delivered to the small intestine. The choice of fibrous feeds 

based on high efficiency of microbial protein synthesis in the rumen along with high DM 

digestibility and development of feeding strategies based on high efficiency as well as high 

microbial protein synthesis in the rumen will lead to higher supply of protein post-ruminally 

(Makkar, 2002). 
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The idea of feed evaluation has an extra element of the efficiency of microbial protein synthesi s 

in addition to the more conventional one of the DM digestibility. Inadequate supply of protein 

post-ruminally under most feeding programs in most developing countries is an important 

limiting factor which prevents an increase in animal performance. Several methods used to 

determine net microbial protein synthesis in the rumen is based on the use of microbial markers 

and they require the use of post-ruminally cannulated animals to determine flow of digesta. The 

cannulation approach is very difficult and has a lot of limitations to its applicability under rnost 

research conditions in developing countries (Chen et aI., 1990). 

According to International Atomic Energy Agency, IAEA (1997) a simpler or an easier method 

for evaluating microbial protein supply to the intestine is based on the determination of total 

urinary purine derivatives and this approach is being thoroughly investigated under a Joint 

FAO/IAEA Coordinated Research Project (IAEA, 1998). The system although is based simply 

on the collection of urine from animals to determine the presence purine derivatives that involves 

the collection of uric acid and allantoin for cattle, and allantoin, uric acid, xanthine and 

hypoxanthine for sheep. The approach is being further simplified using spot urine samples. 

Cannulated animals are not required in this approach but it involves feeding the diets under 

investigation to animals and therefore is not suitable when large feed samples are involving or 

for developing feed supplementation strategies using various feed constituents. The technique 

that has been used widely is the use of the gas measuring technique to determine the quality of 

feeds stuff (Makkar, 2002). 

Recently the increased interest in the efficient utilization of materials high in fibre has led to an 

increase in the use of this technique due to the advantage in studying fermentation kinetics. This 

system has the advantage in providing an important information on diges tion kinetics of both 
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The in vitro methods such as Tilley and Terry and nylon bag methods are based on gravimetric 

measurements which follow disappearance of the substrate (then components which mayor may 

not necessarily contribute to fermentation), whereas gas measurement focuses on the 

appearances of fermentation products (soluble but not fermentable products do not contribute to 

gas production). In the gas method, kinetics of fermentation can be studied on a single sample 

and therefore a relatively small amount of sample is required or a larger number of samples can 

be evaluated at a time (Makkar, 2002) . 

soluble and insoluble parts of feedstuffs. Getachew et al. (1998a) reported the favorable position 

and burdens of the different sorts of in vitro gas techniques utilized by several groups. 

Preferences and the weaknesses of these techniques are talked about by the in vitro gas strategy 

in light of syringes (Blummel et al., 1997) gives off an impression of being the most appropriate 

for use in creating nations. 

•• According to Makkar et al. (1995), comparing the in sacco with in vitro gas method, the in vitro 

is more efficient than the in sacco approach in evaluating the effects of tannins or other anti 

nutritive factors. With in sacco approach these factors are mixed in the rumen after being emptied 

from the nylon bag and therefore do not affect rumen fermentation appreciably and also the in 

vitro gas method can better monitor nutrient-anti-nutrient and anti-nutrient-anti-nutrient 

interactions (Makker, 2002). Beneath is an easy in vitro approach, which is convenient and fast, 

and allows a huge quantity of materials to be handled at a time. It is based on the quantification 

of material degraded or microbial protein produced using internal or external markers and of gas 

or short chain fatty acid (SCF A) production in an in vitro rumen fermentation system based on 

syringes (Menke et al., 1979). Several animals and complicated tools are not needed in these 

studies but one or preferably two surgically modified animals are needed and helps selection of 
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feeds or feed constituents based not only on the dry matter digestibility but also on the 

effectiveness of microbial protein formation. According to this approach described by Menke et 

al. (1979), fermentations are conducted in 100 rnl capacity calibrated glass syringes containing 

feedstuff and a buffered rumen fluid. The gas delivered on incubating 200 mg feed DM after 24 

h of together with the levels of other substance constituents are utilized to anticipate digestibility 

of OM, in vivo and ME. 

For roughages, the relationships are: 

ME (MJ/Kg DM) = 2.20 + 0.136 Gp + 0.057 CP, R~ 0.94 OMD (percent) = 14.88 +0.889 Gp 

+ 0.45 CP + 0.0651 XA, R~0.92 Where ME is the metabolizable energy; DM is the dry matter, 

OMD organic matter digestibility; CP, crude protein in percent; XA, Ash content in percent; and 

Gp, the net gas creation in rn1 from 200 mg dry specimen after 24 h of incubating and after 

adjustment for the everyday variety in the movement of rumen liquor utilizing the Hohenheim 

standard (Makkar, 2002). 

Aiple et al. (1996) looked at three research center strategies (enzymatic, crude nutrient and gas 

measuring system) as indicators of net energy (as evaluated by conditions in view of in vivo 

digestibility) content offeed and found that for foreseeing net energy content of individual feeds, 

the gas strategy was better than the other two techniques. The strategy for Menke et al. (1979) 

was changed by Blummel and 0rskov (1993) in that feed were incubated in a thermostatically 

controlled water shower rather than a rotor in an incubator. Makkar et al, (1995) and Blummel 

et al. (1997) changed the strategy advance by increasing the measure of samples from 200 to 500 

mg and increased the amount of buffer two-fold the incubation volume increased from 30 rn1 in 

the method of Menke et al. (1979) to 40 rn1 in the modified method. 
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In the 30 ml framework, the linearity between the measure of substrate incubated and the 

measure of gas created is lost when the gas volume surpasses 90 ml as a result of the buffer of 

the medium; and in 40 ml framework, the linearity is lost when the gas volume surpasses 130 rnl 

(Getachew et al., 1998b). 

The exhaustion of the buffer diminishes pH of the incubating medium; subsequently, the 

fermentation is restrained. In the event that the measure of gas creation surpasses 90 rnl utilizing 

the 30 rnl framework and 130 rnl utilizing the 40 ml framework, the measure of feed being 

incubated ought to be diminished. The fimdamental points of interest of the changed technique 

(the 40 rnl framework and incubating in a water bath) are: (i) is that, is just a base drop in 

temperature of the medium amid the time of recording gas readings on incubation of syringes. 

This is useful for studying the kinetics of fermentation where gas volume must be recorded at 

various time intervals, ii) due to huge volume of water in the water shower and firrthermore its 

higher temperature holding limit, intense drop in the temperature of the incubation is avoided if 

there should arise an occurrence of force breakdown for a brief span, and iii) an expansion in 

measure of test from 200 to 500 mg decreases the characteristic blunder related with gravimetric 

assurance expected to decide attendant in vitro clear and genuine digestibility (Makker, 2002). 

At the point when a feedstuff is incubated with buffered rumen liquid in vitro, carbohydrates are 

fermented to produce short chain fatty acids, gases and microbial cells (Makkar, 2002). 

Gas generation is essentially the aftereffect of fermenting of starches to acetic acid, propionate 

and butyrate. Gas creation from protein fermentation is moderately little when contrasted with 

carbohydrate fermentation. 
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The contribution offat to gas creation is insignificant. At the point when 200 mg of coconut oil, 
fI 

palm part oil or potentially soybean oil were incubated, just 2.0 to 2.8 ml of gas were delivered 

while a comparable measure of casein and cellulose created around 23.4 ml and 80 ml gas 

(Makker, 2002). 

The gas delivered in the gas procedure is the irrnnediate gas created accordingly of fermentation 

and the aberrant gas delivered from the buffering of SCFA. For roughages, when bicarbonate 

buffer is utilized, around 50% of the aggregate gas is produced from buffering of the SCF A and 

the rest is developed specifically from fermentation (Makkar, 2002). At high molar propionate, 

the measure of C02 created from buffering of SCF A is around 60% of aggregate gas generated 

(Makkar, 2002). Each nnnol of SCFA delivered from aging discharges 0.8-1.0 nnnol of C02 

from the supported rumen liquid arrangement, contingent upon the measure of phosphate buffer 

• , . present. 

The production of gases is as results of feed fermented to butyrate and acetate. Substrate 

fermentation to propionate yields gas only from buffering of the acid and, therefore, relatively 

lower gas production is associated with propionate production. The gas that is released with the 

generation of propionate is only the indirect gas produced from buffering (Makkar, 2002). The 

molar proportion of different SCF A produced is dependent on the type of substrate. Therefore, 

the molar ratio of acetate of propionate has been used to evaluate substrate related differences. 

Rapidly fermentable carbohydrates yield relatively higher propionate as compared to acetate, 

and the reverse takes place when slowly fermentable carbohydrates are incubated. According to 

Makkar, (2002) many workers reported more propionate and thus lower acetate to propionate 

ratio in the ruminal fluid of cows fed a high grain diet. If fermentation offeeds leads to a higher 

proportion of acetate, there will be a concomitant increase in gas production compared with a 
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feed with a higher proportion of propionate. In other words, a shift in the proportion of SCF A 

will be reflected by changes in gas production. 

The gas produced on incubation of cereal straws (Blummel and 0rskov, 1993), a wide range of 

feeds including many dairy compound feeds and their individual feed components whose protein 

and fat contents vary greatly (Bltimmel et ai., 1999), and tannin containing browses (Getachew 

et ai., 2000) in absence or presence of polyethylene glycol (a tannin complexing agent) in the 

buffered rumen fluid was closely related to the production of short chain fatty acids as per Wolin 

(1960) stoichiometry, which is as follows: Fermentative C02 = Al2+P/4+1.5B where A, P and 

B are moles of acetate, propionate, and butyrate respectively. Fermentative CH4 = (A+2B)-C02 

(Makkar, 2002). 

Where A and B are moles of acetate and butyrate respectively and C02 is moles of C02 calculated 

from previous equation. Assumption: one mole of SCF A releases one mole of C02 from 

bicarbonate-based buffer described as buffering C02 and therefore, mmol of buffering C02 is 

equal to mmol of total SCF A generated during incubation. Gas volume = mmol of gas x gas 

constant (R) x T where: R = the ratio between molar volume of gas to temperature (Kelvin zero; 

K) that is (22.411/273 = 0.082), T = incubation temperature (Kelvin); 273 + 39°C = 312 K Total 

volume of gas (ml) 

calculated from SCF A production = (BG + FG) x CF BG = gas volume (ml) from buffering of 

SCFA, FG = fermentative gas (ml) (C02 + C~), CF = correction factor for altitude and pressure 

which is 0.953 for Hohenheim at altitude 400 m above sea level (Bliimmel et ai., 1999). 
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(The volume of I mmol of gas at 39°C in Hohenheim would be; 1 x 0.082 x 312 x 0.953=24.4 

rnl). The inception and stoichiometry of gas generation have been depicted in points of interest 

in Blummel et al. (1997) and Getachew et al. (1998a). 

The in vitro gas creation measured after 24 h incubating of tannin containing browse in the 

presence or absence of Polyethylene Glycol (PEG) was strongly correlated with gas volume 

stoichiometrically calculated from SCF A. 

The relationship between SCF A production (rnrnol) and gas volume (ml) after 24 h of incubation 

of browse species with a wide range of crude protein (5.4-27%) and phenolic compounds (1.8- 

25.3% and 0.2-2.4% total phenols and total tannins as tannic acid equivalent respectively) was 

(Getachew et al., 2000): In the absence of PEG: SCFA = 0.0239. Gas-0.0601; R2 = 0.953; N = 

39; P<O.OOI (I) In the presence of PEG: SCFA= O. 0207.Gas + 0.0207; R2 = 0.925; N = 37; 

P<O.OOI (ll). 

These relationships are similar to that obtained for wheat straw (Bliimmel et al., 1993). The 

SCF A production could be predicted from gas values using the above relationship. The mount 

of SCF A produced is an indicator of energy availability for the animal to use. Since SCF A 

estimation is vital for relating feed structure to production parameters and to net energy 

estimations of values of diets, forecast of SCF A from in vitro gas estimation will be progressively 

essential in developing nations. Where labs are from time to time outfitted with present day gear 

to gauge SCF A. The stoichiometric balance likewise permits estimation of the Cli4 and C02 

anticipated from the rumen fermentation if the molar proportions and amount of SCF A are 

known (Makkar, 2002). Kinetics offermenting feedstuffs can be resolved from fermentative gas 

and the gas discharged from buffering of SCF A. 
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Numerical depictions of gas generation profiles permit examination of information, assessment 

of substrate-and media-related contrasts, and fermentability of dissolvable and gradually 

fermentable parts of feed. Models of different sorts have been utilized to portray gas production 

profiles. France et al. (2000) combine modelling of the gas profiles with estimates of substrate 

loss and ruminal rate of passage and derive estimates of ruminal extent of degradation thus 

linking gas production to events in the rumen proper. 

Kinetics of gas generation relies on upon the relative extent of dissolvable, insoluble yet 

degradable, and undegradable particles of the sustain. 
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The mean annual rainfall is 1043 mm, Temperatures generally fluctuates between 15 DC 

(minimum) and 42 DC (maximum) with a mean annual temperature of28.5 DC. The mean annual 

daytime relative humidity is54 % (SARI, 2007). The area experiences drycoldharmattan winds 

from November to February and a period of warm dry conditions from March to mid-April. The 

dry season therefore stretches from November to late April. 
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3.2 Sample Collection and Preparation for Planting 

With the exception of local variety all the other varieties were previously obtained from ILRI 

(International Livestock Research Institute) and preserved at the herbarium (botanical garden) 

of the Kwarne Nknunah University of science and Technology (KNUST). 

The local variety was also previously obtained from the native fields within the Kumasi 

metropolis and also persevered in the same herbarium. Matured plants measuring about 1.5m 

were harvested and transported immediately to the study location. The plant was further cut to 

an average length of 0.3 m Each cut had 2-3 healthy. 

3.3 Experiment I(Elephant grass Cultivation, rainfall, plant height, tiller number, and soil data 

collection). 

A total of 12 plots with each measuring 50 m2 were ploughed and harrowed. The design of the 

experiment was Randomised complete block with each treatment replicated 3 times. The cuttings were 

buried in the soil at a depth of 15-20 em deep and at an angle of about 30- 45°C. The intra and inter 

row spacing were 0.5 m and 1 m respectively. 

3.4 Management Practices and Harvesting 

Nitrogen fertilizer was applied 21-days after planting at 60 kg/ha and weeds were cleared 40- 

days after planting. The method of application was side placement but covered and the weeds 

were cleared using hoes. At 90-days after planting the plant were harvested using a sickle. They 

were cut to stump height of about 15 ern from ground level as described by Lounglawan et al. 

(2014). Biomass yield on each plot was taken using a tripod stand and a hanging weighing scale. 
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3.5 SOIL SAMPLING AND ANALYSIS 

3.5.1 Soil Sampling Procedme 

. 1 d usi at a depth of 10 em A composite soil was take diagonally on each 
SOlI was samp e using auger 

plot, air dried and sieved using 2 mm sieve. 

3.5.2 Soil pH 

Soil pH was determined using the glass electrode pH metre (Basic 20 Crison instrument Spain). 

About 20 g soil sample was weighed into 100 m1 plastic bottle. Approximately 50 rnl of distilled 

water was added and the bottle capped. The soil sample was mixed with disti lled water in a ration 

1: 2.5 (Juo,1978). The solution was shaken on a reciprocating shaker for two hours. After 

calibrating the pH meter with buffer solutions at pH 4.0 and 7.0, the pH was read by irrnnersing 

the electrode into the upper part of the suspension. 

3.5.3 Available Phosphorus 

The available phosphorus in soil samples was determined using 1M annnonium fluoride (NIi4F) 

standard solution, potassium hydroxide, sulphuric acid and hydrochloric acid (Bray and Kurtz, 

1945). A 0.1 g of soil sample was weighed and put into a centrifuge bottle and 50 rnl of Brayl 

solution (0.03 NHJ' + 0.025 NHCL) was added. The mechanical shaker was used to mix the 

suspension by shaking for 5 min and left to settle overnight. The suspension was then filtered 

into a 100 m1 volumetric flask and made up to the volume. The available phosphorus in the 

• 

filtrate was determined using the molybdate-ascorbic acid method (Bray and Kurtz, 1945). Five 

(5m1) of the aliquot was taken into a 50 rnl volumetric flask and the pH was adjusted by adding 
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P- nitrophenol indicator and drops of 4M NH40H until the colour changed to yellow. Then 40 

ml of distilled water was added to dilute the solution. 

A solution which was made from a mixture of 12 g ammonium, 0.29 g potassium antimony 

tartrate, 140 ml of concentrated H2S04 and 1.056 g of ascorbic acid (reagent B) was prepared. 

Eight (8) ml of the reagent B was added to the solution and mixed thoroughly by shaking and 

allowing to settle for 15 min until the colour changed to different shades of blue depending on 

the P content in the samples. A blank: was prepared using distilled water and 8 ml of reagent B. 

A Philips PU 8620 spectrophotometer was used to measure the intensity of the P content at a 

wavelength of 712 run. The P content was then calculated as P (mg kg/I) = (Spectrophotometer 

reading-blank: reading) x volume of extract / Volume of aliquot X sample weight (g). 

3.5.4 Soil Organic Carbon and Organic Matter Content 

Organic carbon was determined by following Walkley-Black procedure as described by Nelson 

and Sonnners (1996). This involves a wet combustion of the organic matter with a mixture of 

potassium dichromate and sulphric acid at 125 DC. One grannne of soil sample was weighed into 

500 ml Erlenmeyer flask A blank: sample was included as a control. Approximately10.00 ml of 

dichromate solution was added to the soil and the blank: flask Twenty (20) ml of concentrated 

sulphuric acid was added and the mixture was all owed to stand for 30 min on a pad. About 250 

ml of distilled water and 10 ml of phosphoric acid were added and then allowed to cool. The 

excess dichromate ion in the mixture was back titrated with 1.0 M ferrous sulphate solution using 

diphenylamine as indicator. 
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, The organic carbon content was obtained by the following equation: 

Where 

% organic C=M x Vl- V2/S x 0.003 x 100%mcf 

M= molarity offerrous sulphate solution (from blank titration) VI = ml ferrous sulphate 

solution required for blank 75. 

V2 = ml ferrous sulphate solution required for sample 

S= mass of soil 

mef = moisture correction factor (1.32) 

, 
The Soil Organic Matter (SOM) was then obtained by multiplying soil organic carbon values 

by a factor of 1.724 (Nelson and Sonnners, 1996). 

3.6 Experiment 2 (Chemical analysis and in vitro digestibility) 

Sub samples of the harvest from each plot was taken, divided into whole plant, stem and 

leaves. They were chopped into smaller size to facilitate drying and milling. Forage samples 

were grinded using a Hannner mill (Brabender, Germany) to pass through a 2 mm and then 1 

mm sieve screens sequentially for laboratory analysis (Goering and VanSoest, 1970; AOAC, 

1990). 

3.6.1 Dry Matter 

This was determined by collecting fresh samples of each variety (whole, leaf and stem). About 

200 g of each sample was weighed into aluminum pan and placed into forced air oven at 60°C 

67 



for 48 h. The weight after oven drying was recorded and used for computing the dry matter 

percentage of each treatment (AOAC, 1990). 

3.6.2 Ash 

Ash was determined according to the procedure of AOAC (2000). Approximately 2 g of dried 

sample was weighed into a known weight of pre-dried crucibles. The crucibles containing the 

samples were placed in a muffle furnace and heated to 550°C for 4 h. The crucibles were then 

cooled in a desiccator and its weight taken. The ash content was calculated as: 

Ash (g/kg DM) = Weight of ash/Weight of sample> 1 000 

3.6.3 Crude Protein 

The crude protein content of the samples was determined according to the method of AOAC, 

(2000). A gram (lg) of each dried sample was weighed and placed into Kjeldahl digestion tubes 

and blank determination was done by digesting filter paper in each set of digestion. 

Approximatelyl5 ml of concentrated sulphuric acid (H2S04) and two Kjeldah tabs were added 

to the content of each digestion tubes. The Kjeldahl tabs contained potassium sulphate (K2S04) 

and copper sulphate (CUS04) which increase the boiling point and acted catalysts respectively. 

The tubes were mounted on Kjeldahl digestion block with fume exhaust set (J.P. Selecta RAT 2 

Spain) and heated gradually to 420°C and maintained for 3 h. The tubes were removed and 

allowed to cool to room temperature after which, 50 mls of distilled water was added and distilled 

using an automated Kjeldahl distillation apparatus (J.P. Selecta, s.a, Pro-Nitro II Spain). The 

apparatus draws 50 mls of previously prepared 35% sodium hydroxide (35 % NaOH) into the 

digestion tubes and 25 mls of 4% Boric acid (4% H3B03) into a 25 mls erlynmeyer flask to trap 

the liberated annnonia during the distillation period of 9 min per sample. The distillate was 
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, 
, collected and titrated against O.IN HCI (hydrochloric acid). The average titre values were 

recorded and the percentage nitrogen (% N) as well as the percentage crude protein (% CP) 

calculated using the formulae: 

% Nitrogen = (T- B)xNxl.41 weight of sample (g) 

% Crude protein = %Nitrogen x 6.25 

Where: 

T - Sample titre value 

B - Blank titre value 

N - Concentration ofHCI 

! 
3.6.4 Neutral Detergent Fibre and Acid Detergent Fibre 

1 

Neutral detergent fibre and ADF were determined exclusive of residual ash by sodium sulfite 

and (1- amylase following the procedure of Van Soest et al. (1991) and was run on the Ankom200 

fiber analyser. 

! 

About 0.45-0.55 g of each sample was weighed directly into filter bags (Ankom F57) and 

labeled. The filter bags were then sealed within 4nnn of the top with an electronic heat sealer. 

One blank filter bag was included in each run to determine blank bag correction. The bags with 

samples were then placed on the bag suspender and inserted into the Ankom fiber analyser vessel 

with a bag suspender weight on top to keep it submerged. Neutral Detergent Fibre and ADF 

solutions were then added respectively. Neutral detergent fibre solution was prepared by 

dissolving 30.0 g Sodium dodecyl sulfate, USP; 18.61 g Ethylene diaminetetra acetic disodium 

salt, dehydrate; 6.81g Sodium borate; 4.56 g Sodium phosphate dibasic, anhydrous; andl0.0mI • 
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, Triethylene glycol, in 1L distilled water; Whilst that of ADF was prepared by dissolving 20.0 g 

Cetyl trimethylammoni urn bromide (CTAB) into IL of l.OON H2S04. 

For NDF, two liters ofNDF solution were added to every 24 sample bags in the fiber analyser 

vessel. 20 g (0.5 gl50 ml) of sodium sulfite and 4.0 ml of alpha-amylase was added to the solution 

in the vessel. The fiber analyser was then allowed to run for 75 mins. After 75 mins, the solution 

in the vessel was exhausted and the content rinsed with 2 L of hot water (70-90 °C). Rinsing was 

repeated three times for 5 mins and 4.0 ml of alpha-amylase added to the first and second rinses. 

After rinsing, the samples were placed in acetone for 3-5 mins after which they were oven dried 

at 102°C for 2 h and weights recorded. 

For ADF, the procedure was the same as that of the NDF except that for ADF the fiber analyser 

was allowed to run for only 60 mins and also sodium sulfite and alpha - amylase was not added. 

3.7 In Vitro Gas Production 
i 

3.7.1 Experimental Design 

The design for the in vitro gas studies was a factorial design in a randomized complete block 

The 4 x 3 factorial design was used with each replicated 2 times in each period. The factors were 

four varieties and three botanical fractions which are whole, leaf and stem 

3.7.2 In vitro Gas Experiment Procedure 

The in vitro gas production technique of Theodorou et al. (1994) was adopted. Where 

approximately 200 mg of oven dried samples from each treatment was weighed into 50 ml test 

tubes. The McDougall's buffer was prepared a day before the incubation. 
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, 
, McDougall's salivary buffer solution was prepared from solutions A and B. Solution A was 

made by dissolving 19.60 gNaHC03, 9.28 gNa2HP04'2H20, l.14 gKCl, 0.94 gNaCI and 0.26 

g of MgCI' 6H20 in 2 L of distilled water. Solution B was made by dissolving 2.65 g of 

CaCh·2H20 in 50 ml of distilled water. Complete salivary buffer was prepared by adding 2 ml 

of solution B to solution A, which was then warmed to 39°C with continuous stirring and 

flushing with carbon dioxide (C02) immediately before starting to incubate samples. About 30 

ml of buffered rumen fluid was dispensed into each test tube containing the samples. The buffer 

and the strained rumen fluid were mixed in a ratio of 4: l. 

Rumen fluid was obtained from 3 different cows at the Tamale Abattoir. The rumen fluid was 

collected from the rumen after the animals have been slaughtered and rumen taken out. The 

rumen fluid was collected into a thermos flask that had been pre-warmed to a temperature of 39 

• . "C. Incubation procedure was as reported by Menke and Steingass (1988). The rumen fluid was 

squeezed through a four layer of cheesecloth. The test tubes and the samples were placed in a 

water bath at a temperature of39 "C. The gas production was measured using a digital manometer 

at 3,6, 12,24 and 48 h. 

The gas readings were then fitted to the exponential curve of Orskov and McDonal d (1979) 

without an intercept using sigmaPlot 10th edition (Systat Software Inc. 2006). The degradation 

parameters (b and c) were derived from the exponential model. 

Y = b (1 - e-ct ) 

Where Y = gas volume at time t (ml) 

b = asymptotic gas production (%) 

t = time (h) 
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, 
t 

c = fractional rate of gas production (ml/h) 

The digestible organic matter (DOM) was calculated using the equation DOM (%) = 

16.49 + 0.9042 GP + 0.0492 CP + 0.0387ash by Menke and Steingass (1988) whilst the 

metabolizable energy was calculated using the equation ME (MJ/ kg DM) +2.20 

+0.136 *GP+0.057 *CP according to Menke et al. (1979). Where, 

GP= gas production (ml/200mg DM at 24 h) CP= Crude protein (g/kg DM). 

J .. 

I 
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and leaf to stem ratio (LSR) in experiment 1. The in vitro gas digestibility trial and chemical 

, DATA ANALYSIS 

The one-way analysis of variance (ANOVA) in randomized complete block design (RCBD) 

from Genstat 11 th edition was used for analyzing the biomass yield, plant height, tiller number 

composition in experiment two were analysed as two- way ANOV A. Means were separated at 5 

%. 

l 
" 

• 

; 
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CHAPTER FOUR 

, 

4.0 RESULTS 

Experiment 1 

Figure 3 represent the amount of rainfall recorded at the study area from 1986 to 2015. Within 

2015 in which the study took place, the highest rainfall was recorded in September (225.2 mm) 

and in October (47.1 mm) but in the month of November the was no rain. The mean rainfall 

during the was 157.63 mm. 

250 

• 200 
'I 

• I150 
<;» - - 
~ • 1986-2015 
.- 100 
~ 

II II 
.2015 

50 I . 0 • 1 - 
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Figure 3. Mean long-term rainfall (1986-2015) and rainfall for the study period (2015) 

within the study area (Arrow showing exact period of growth, August-November). 

I 
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Variety Organic carbon % Organic matter % pH %CP P (mg/l) 

, Table 1. Soil chemical analysis 

16783 

16798 

16840 

0.72 1.25 5.97 

1.04 1.80 5.71 

1.07 1.85 5.22 

1.38 1.81 6.06 

0.321 

0.321 

0.175 

0.263 

216.6667 

246.3333 

375.000 

248.3333 Local 

Table 1 is the results for organic carbon, organic matter, pH, CP and available phosphorus in the 

soils for each variety. The percentage organic carbon, organic matter and pH of the soil for the 

local variety was higher than that of the other variety. The least organic matter and organic 

carbon were from soil of variety 16783. The pH values range from 5.22-6.06. All the values for 

organic carbon were above 1 % except for 16783 which recorded 0.72%. The availableP ranges 

from 216.6-375.0 mg/l. The lowest value was recorded for 16783 followed by 16798 and the 
! 

highest for 16840. The CP in this study was between 0.175-0.321 %. 

Table 2. Mean biomass yield, plant height, tiller number and leaf to stem ratio of the four 

varieties of Elephant grass 

Parameters 16783 16798 16840 Local Sed P value 

Biomass yield (DM kg/ha) 2,299.0 1,354.0 1,384.0 3,339.0 1204.9 0.382 

Tiller number at harvest 9.5 16.1 10.3 13.1 2.8 0.186 

Plant at harvest (m) 1.3 1.1 1.1 1.4 0.2 0.334 
1 - 

Leaf to stem ratio at harvest 1.0 0.9 1.2 1.1 0.2 0.816 
/II. 
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and tiller at 90-days were not affected (P >0.05) by variety. The biomass yield ranged from 1,354 

, 

• 
The results on the effect of the four varieties of Elephant grass on biomass yield, plant height, 

tiller number and LSR are shown in Table 2. The results show that biomass yield, plant height 

kg to 3,339 kg for varieties 16798 and local respectively. The tiller number ranged between 9.5 

and 16.1 for variety 16783 and 16798 respectively. The highest (P>0.05) plant height was 

recorded in variety local. The LSR was in the range of 0.9-1.2 with variety 16840 having the 

highest. 

Table 3. Correlations between biomass yield, plant height and tiller number of Elephant 
grass 

'" 

At Parameters Biomass Yield Plant Height Tiller Number 1 

! Biomass Yield 0.8842*** 0.1980 

Plant Height 0.8842*** 0.1023 

*** P> 0.001 

Table 3 represent the results of a correlation analysis between biomass yield, plant height and 

tiller number. A positive correlation (Table 3) was reported between plant height, tiller number 

and biomass yield with plant height having a significant (P = 0.001) influence on biomass yield. 

l 
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Figure 4. Mean weekly plant height of 4 varieties of Elephant grass 
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The weekly plant height (Figure 4) and tiller number (Figure 5) were also not affected (P>O.05) 

by differences in variety. Among the four varieties, the local was the first to attain a height of 

1.03 m after the 8th week of planting and maintained its superiority over the other varieties till 

the 13th week (90-days). The highest (P> 0.05) number of tillers was recorded in variety 16798 

throughout the growing period. 

1 
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Experi ment 2 

Table 4. Mean chemical composition on dry matter basis (g/kg) of four varieties of 

Elephant grass 

Variety Botanical fraction DM CP Hem NDF ADF Ash 

16783 Leaf 372.0 81.4 258.5abc 664.9 406.4 87.0 

Stem 372.0 66.5 296.0bc 677.2 381.2 100.0 

Whole 349.0 66.6 224.8ab 634.7 409.9 87.0 

16798 Leaf 359.0 95.9 258.5abc 640.1 381.6 83.0 

Stem 378.0 84.5 237.5abc 639.1 401.6 90.0 

_! Whole 342.0 91.1 299.8bc 670.9 371.1 83.0 
4 
~ 16840 Leaf 333.0 72.9 273.8bc 706.6 432.8 90.0 

.. Stem 293.0 61.6 255.9abc 641.0 358.1 60.0 

Whole 362.0 76.7 264. 1 abc 673.5 409.9 87.0 

Local Leaf 376.0 81.5 310.5c 675.5 365.4 75.0 

Stem 412.0 62.6 I92.5a 613.2 420.7 80.0 

Whole 385.0 66.5 287.5bc 689.3 401.8 80.0 

Sed 70.7 15.9 36.5 26.9 32.0 12.7 

P value Variety 0.528 0.102 0.994 0.510 0.627 0.435 

Fraction 0.991 0.228 0.247 0.087 0.996 0.436 

Variety x Fraction 0.94 0.98 0.04 0.06 0.34 0.55 
1 

Mean with different superscript are significantly different at P<O.05, DM= Dry matter, 

CP=Crude protein, NDF=Neutral Detergent Fibre, ADF=Acid Detergent Fibre. 

79 



The variety by botanical fraction (Var x Fra) did not significantly (P>O.05) affect DM, CP, NDF, 

ADF and ash. The leaf fraction of all the varieties maintained a higher CP concentration than the 

stem The NDF and ADF did not follow any trend with each variety behaving differently. The 

hemicellulose concentration was affected (P<O.05) by the Var x Fra interaction. Different 

varieties showed different trends in hemicellulose concentration of the botanical fraction. The 

highest hemicellulose was obtained in the leaf fraction of the local variety with stem of the same 

variety having the least. 

4 

• 
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, Table 5. Mean in vitro gas production (ml/g DM) and degradation parameter of four varieties of 
Elephant grass 

Botanical gas parameters PH IVOMD b c ME 
12-h 24-h 48-h 

Fraction (%) 

16783 Leaf 7.6 9.7 16.0 6.9 41.4 40.6 0.06 9.4 

Stem 11.3 13.7 19.4 6.9 48.5 47.6 0.09 9.7 

Whole 8.0 10.1 15.5 6.9 41.5 41.8 0.08 8.7 

16798 Leaf 6.5 7.6 12.3 7.0 37.3 47.9 0.11 8.4 

Stem 9.1 11.1 15.9 6.9 43.1 39.6 0.08 8.9 

Whole 8.2 10.3 16.0 6.9 42.3 41.8 0.06 9.4 
, 
L 

16840 Leaf 7.8 10.2 16.9 6.9 50.7 28.3 0.05 10.4 
s 
• Stem 9.8 11.7 17.3 6.9 45.3 37.0 0.07 10.2 

~ 
Whole 7.7 9.8 16.2 6.9 41.9 37.8 0.05 10.0 

Local Leaf 7.1 9.3 15.1 6.9 40.6 37.4 0.06 8.4 

Stem 11.9 14.5 19.5 6.9 48.9 47.2 0.09 8.9 

Whole 9.7 12.6 19.0 6.9 45.7 47.1 0.06 9.4 

Sed 1.22 1.66 2.21 0.03 4.3 7.44 0.02 0.93 

Variety 0.11 0.07 0.1 0.05 0.23 0.086 0.118 0.12 

P value Fraction 
<0.01 <0.01 0.03 0.024 0.16 0.465 0.14 0.87 

Variety x 0.504 0.543 0.518 0.725 0.209 0.527 0.284 0.885 
Fraction 

IVOMD= in vitro organic matter digestibility, B = asymptotic gas production, C = rate of 
~ 

degradability, ME = metabolisable energy 
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from 9.1-19.53 ml/g DM whiles that of leaves began from 6.59-16.90 ml/g DM and that of whole 

i 

There was no significant difference (P>0.05) among all the treatments in gas produced at 12,24 

and 48 h but there was a significant difference (P<0.05) among the fractions (leaf, stem and 

whole plant) in all the parameters measured (12,24,42 h and pH). It can be observed that the 

gases produced by the stems were higher than the leaves and whole plant from 12-48 h. It started 

plant was from 7.733-19.02 mllg DM. Potential degradability (B) and rate of degradability (C) 

was not significant (P>0.05) among all the fractions . 

• 
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CHAPTER FIVE , 

5.0 DISCUSSIONS 

The results on the biomass yield, plant height and tiller number shows that the three varieties 

from IIRl and the Local have the ability to thrive in the savanna zone of Ghana and should 

therefore be promoted among smallholder livestock farmers. However, the biomass yield was 

lower than what was reported for the same varieties in the humid zone. Ansah et al. (2010) 

reported a biomass yield of 41050,24863.8 and 44994 kg DMiha for local, 16840 and 16798 

respectively. The differences may be due to the relatively lower (473 mm) amount of rainfall 

record during the growth period (August to November) in the savanna zone. 

The tiller number recorded in the present study was similar to what was reported by Ansah et ai. 

•. (2010) and Dzimale, (2000). Increased tillering is probably an adaptive feature to tolerate 

frequent defoliation by re-establishing lost photosynthetic area and maintaining basal area. Jones 

(1985) attributed increased tiller production to removal of apical dominance by defoliation and 

activation of basal buds, while low tiller production under long cutting intervals has been linked 

to higher mortality of tillers under reduced cutting frequency (Clavero, 1997). High tiller 

numbers demonstrate the profuse tillering capacity of a variety (Premaratne and Premalal, 2006). 

High tiller production not only indicates stable productivity (Mukhtar, 2006) but also is linked 

to better persistence after periods of unfavorable environmental conditions (Assuero and 

Tognetti, 2010). The plant height was lower than the values reported for the same cultivars 

harvested at 90-days in the humid zone. The average plant height reported in the humid zone 

was 7 m compared to the average 1 ill reported in this study (Ansah et ai., 2010). 
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Haferkamp (1987) identified water, temperature and nutrient as some of the environ mental 

factors that affect the growth and productivity of plants. 

Among these factors, water could be the major cause oflow biomass yield and plant height since 

nitrogen fertilizer was applied and the temperature during the growth period was within the 

requirement (30-35 °C) reported by Cooper and Tainton (1968) for C4 plants like Elephant grass. 

Higher biomass yields in Elephant grass have been reported in areas with an annual average 

rainfall of 843 mrn (Ansah et al., 2010). Water stress affects plant cell growth, slow down root 

development, leaf and shoot growth which affects C02 assimilation and photosynthesis (Hsiao, 

1973; Slyter, 1974). Elephant grass is fast growing and has a high annual productivity that 

depends on the climatic conditions, especially temperature and rainfall (Aroeira et aI., 1999). 

All these findings indicate that the yield in this present study will not be the same as reported by 

others due to temperature and rainfall differences. The high yield of the local variety is not 

surprising because during the research it was realized that the adaptation of the local variety was 

far better than the others. The other varieties showed signs of stress and lack of water during 

some periods. The lower biomass yield may be due to the level of fertilizer applied in this study 

(60 kg N/ha). According to Ullah et al. (2010) DM yield of Elephant grass was influenced 

markedly by nitrogen application up to 80 kg N/ha and by lengthening the harvest interval from 

30 to 60 days and the highest DM (3.2 to 3.3 hal 1) was obtained by harvesting Elephant grass at 

60 days' interval with 80 or 120 g NI ha fertilizer level. Above 120 kg N/ha it is suggested that 

the plant does not make use fully of nitrogen. Differences wi thin grass tillers' height are well 

known because different grasses have responded differently to the environment and climate due 

to variation in growth and biomass production that makes the canopy structure (Akrnal, 1997). 

Arnanullah (2004) reported that there is a variation in sorghum varieties of a corrnnon species. 

84 



Haferkamp (1987) identified water, temperature and nutrient as some of the environ mental 

factors that affect the growth and productivity of plants. 

Among these factors, water could be the major cause oflow biomass yield and plant height since 

nitrogen fertilizer was applied and the temperature during the growth period was within the 

requirement (30-35 °C) reported by Cooper and Tainton (1968) for C4 plants like Elephant grass. 

Higher biomass yields in Elephant grass have been reported in areas with an annual average 

rainfall of 843 mrn (Ansah et al., 2010). Water stress affects plant cell growth, slow down root 

development, leaf and shoot growth which affects CO2 assimilation and photosynthesis (Hsiao, 

1973; Slyter, 1974). Elephant grass is fast growing and has a high annual productivity that 

depends on the climatic conditions, especially temperature and rainfall (Aroeiraet al., 1999). 

All these findings indicate that the yield in this present study will not be the same as reported by 

·to others due to temperature and rainfall differences. The high yield of the local variety is not 

surprising because during the research it was realized that the adaptation of the local variety was 

far better than the others. The other varieties showed signs of stress and lack of water during 

some periods. The lower biomass yield may be due to the level of fertilizer applied in this study 

(60 kg N/ha). According to Ullah et al. (2010) DM yield of Elephant grass was influenced 

markedly by nitrogen application up to 80 kg N/ha and by lengthening the harvest interval from 

30 to 60 days and the highest DM (3.2 to 3.3 hall) was obtained by harvesting Elephant grass at 

60 days' interval with 80 or 120 g NI ha fertilizer level. Above 120 kg N/ha it is suggested that 

the plant does not make use fully of nitrogen. Differences within grass tillers' height are well 

known because different grasses have responded differently to the environment and climate due 

to variation in growth and biomass production that makes the canopy structure (Akrnal, 1997). 

Arnanullah (2004) reported that there is a variation in sorghum varieties of a cormnon species. 

84 



increasing tiller height and are the consequent of variations in TH of the different grasses 

i 

Size of meristernatic zone and rate of cell production are mainly the contributing factor for 

(Guevara et al., 2002). Leaf to stem ratio (LSR) is also important parameter in accessing forage 

quality of grasses. 

However, LSR of these grasses did not differ from each other. The LSR reported in this study at 

an average height of 1m was closer to what was reported by Zewdu et al. (2003) which is an 

average height of 1m (1.33) but the researchers reported higher LSR ratio at height of 0.5 m 

(3.04). 

The difference in leaf and stem dry weight although statistically the same is due to differences 

in assimilates contribution for biomass allocation in the plant organs. The higher the stem 

fraction of a grass, the higher the DM content but will be poorer fodder due to high fiber 

contribution. Leaf size, area and munber are major attributes altering leaf and stem fraction of 

the grasses. Grasses with higher leaf than stem is terms as high quality fodder (Kannnann et al., 

2005). Differences in LSR may also be attributed to their adoptability with climatic condition, 

growth and canopy structures under the growing condition. As Elephant grass matures, the leaf 

to stem ratio declines (Karanja, 1984; Kariuki, 1989). That causing changes in the chemical 

composition and a concomitant reduction in feed value (Minson, 1990). The superior 

performance of the local variety in terms of weekly plant height and biomass yield suggest that, 

the variety has the ability to tolerate water stress or efficiently use water as compared to the other 

varieties. 

The high CP concentration in the leaf fraction compared with the stem fraction of all the varieties 

although statistically are the same agrees with earlier studies on the effect of botanic al fraction 

on CP levels (Tang et al., 2008; Ansah et al., 2010). 
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As grass matures, the nutritional content of the grass begins to decrease. The sterns become 

tougher and more fibrous and protein and energy levels can decrease also the leaves contain mos t 

of the energy and protein the plant has to offer. 

A similar finding was also reported by Kayani et al. (2007) and Achakzai et al. (2009). In their 

stidies, leaves and sterns decreased in their nutritive value plant maturity however, the nutritive 

value of sterns decreased more rapidly than that of leaves. 

It was also in contrast with the results ofLounglawan et al. (2014) who harvested Elephant grass 

at different height above ground level and reported that at 15 em above ground level the plant 

contains a lot of leaves and recorded lower CP. The CP levels reported in this study were lower 

than the adequate levels of 11 0-130 glkg required for maintenance and growth of small ruminants 

(NRC, 2007) but within the mini mum CP requirement (60-80 glkg) for sustenance of microbial 

growth (Van Soest, 1982). This call for protein supplementation which agrees with the finding 

.. of Tesserna and Baars (2004) that to improve the efficient utilization of Elephant grass, a 

supplement of high CP such as legumes is required. 

The NDF and ADF values reported in the present study compares favorably with what has been 

reported in other tropical forages (Dzimale, 2000; Ansah et al., 2010; Heuze et al., 2015). The 

high NDF in the cultivars has the potential to enhance ruminati on and rumen microbial 

fermentation. 

Higher ADF has been found to reduce voluntary dry matter intake (Gusha et al., 2015). Also, 

the ADF and the NDF values reported by Ansah et al. (2010) in the whole plant at 90 days of 

harvest were higher than in this present study because of difference in soil composition. Soils in 

humid areas are rich in nutrient and moisture which facilitate growth of plant and that reflected 

in biomass yield and plant height in their study. 
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The gas produced by the stem fraction in this study was better than the whole and leaves for 12, 

24 and 48 h which mean the stem was well digested. According to Faiz et al. (2013) not only 

chemical composition affect digestibility of grasses but succulence also is a factor. It was 

observed in this study that the other varieties except local did not grow very tall so the stem 

formed was short and also succulent as compared to the leaves. This also reflected in the in vitro 

organic matter digestibility (NOMD) and short chain fatty acid for the stems. 

According to Lounglawan et al. (2014) increasing the cutting interval (that is advancing age of 

maturity) increases DM and nutrient yields significantly and in terms of nutrient concentration, 

it also increased the crude fiber, acid detergent fiber (ADF), neutral detergent fiber (NDF) and 

acid detergent lignin (ADL) percent in the plant. However, CP and ash concentration was 

markedly decreased as the cutting interval increases and that reflected in the study conducted in 

humid area at 120-days of harvest. The CP and ash concentration decreased as compared to 60 

and 90-days of harvest. 

In vitro gas production is an indirect way of measuring microbial fermentation of feed and is 

related to the extent of digestibility. The higher gas produced by the stem fraction relative to the 

leaf and whole conforms to the findings of Ansah et al. (2013) for the same varieties. Tolera and 

Sundstol, (1999) also found that sterns produced more gas at 24 h than leaf sheath and leafblade 

of different varieties of maize. Poor CP degradability in the rumen can reduce the amount of 

annnonium nitrogen available for microbial cell synthesis and could be the cause of reduced 

microbial fermentation and hence low gas production. Even though the CP concentration in the 

leaffraction was higher than that of the stem fraction and the whole, it did not result in a superior 

gas production suggesting a possible poor CP degradation in the leaf and whole fracti on. Similar 

results have been in the digestion of Andrpogon gayanus even though the amount of CP in the 
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leaves were higher than the sterns but the digestibility of the sterns were similar (Bohnert et 

ai.,1986; Rodriquez,1985; Haggar and Ahmed, 1971). Also, it has been reported by Van Soest 

(1994) that the declined in digestibility value of grasses is due to the increase of cell wall 

proportion and lignin concentration. Digestibility of vegetative Rhodes grass, as with other C4 

grasses, is limited by its high NDF content and the chemical bonds between its cell wall 

polysaccharides, lignin and phenolic acids (Akin and Hartley, 1992). Elephant grass is also a C4 

grass and even though NDF content in leaves and sterns did not differ but mean NDF values for 

leaves were higher than stems. This may account for the low digestibility of the leaves. This 

finding implies that digestibility of the grasses may not be compromised when they lose their 

leaves as is the case when grasses are preserved as hay under small holder farmer conditions. 

The IVOMD reported in this study is within (37.3-50.7%) and then is lower than what was 

reported by Solomon et al. (2007) which is around 60%. This may due to the low CP since the 

researcher reported that there is a positive correlation between these parameters. Forages with 

minimum IVOMD of 65% are classified as highly nutritive (Moore and Mott, 1973). The ME 

reported for the varieties was similar to what has been reported for other Elephant grass varieties 

(Turano et al., 2016). The ME was lower than the 3 Meal ME/kg DM (12.5 MJ ME/kg DM) 

daily requirement by a 600 kg dairy cow (Alderman and Cottrill, 1993) suggesting that the 

varieties used in this current study could not be used as sole diets to meet the metabolizable 

energy requirement of cattle. 
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CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATION 

All the varieties showed some improvement in biomass yield, plant height, and tiller number. 

These could support the growth of nuninants since they contain similar nutrient composition. 

The cultivation of the local variety is recommended among small holder livestock farmers and 

forage sellers within the savanna zone. 

Since the study was conducted in the wet season and only one harvesting period considered, it 

is recommended that a further study should be conducted with rrrultiple harvesting periods. 

The effect of harvesting periods on re-growth of the plant should also be investigated. 
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APPENDIX .• 

AP.1 ANOVA Tables for in vitro gas production 

[Variate: M E 
Source of variation rof Ss Ms vr F pr 

Fraction ~ 0.364 0.182 0.14 0.871 
Variety 3 8.313 2.771 2.12 0.124 
Fraction X Variety 6 2.968 0.495 0.38 0.885 
Residual 24 31.353 1.306 
!fotal 35 42.997 

lVariate: IVOMD 
Source of variation Df Ss ms vr F pr 
!Fraction 2 114.35 57.18 1.98 0.160 
Variety 3 131.09 43.70 1.51 0.236 
Fraction X Variety 6 266.24 44.37 1.54 0.209 
Residual 24 692.89 
Total 35 1204.58 

Variate: 12hours 
Source of variation Df Ss ms vr Fpr 
Fraction 2 266.991 133.495 14.86 <.001 
lVariety 3 53.492 17.831 1.98 0.119 
Fraction X Variety 6 47.983 7.997 0.89 0.504 
!Residual 132 118.750 8.893 
jrotal 143 1554.216 

124 



Variate: 24hours 
Source of variation Df Ss Ms Vr F pr 
Fraction 2 303.74 151.87 9.11 <.001 

Variety 3 117.20 39.07 2.34 0.076 
Fraction X Variety 6 83.77 13.96 0.84 0.543 
Residual 132 2200.92 16.67 
Total 143 2705.63 

Variate: 48hours 
Source of variation Df Ss ms vr IF pr 
Fraction 2 211.80 105.90 3.61 p.030 
Variety 3 187.18 ~2.39 2.13 p.100 
Fraction X Variety 6 153.34 ~5.56 0.87 p.518 
Residual 132 3874.84 ~9.35 
Total 143 4427.16 

Variate: a 
Source of variation ~f Ss ms ~ Fpr 
Fraction 2 81.84 40.92 p.77 0.465 

Variety 3 358.72 119.57 ~.25 0.086 

Fraction X Variety 6 273.89 45.65 p.86 0.527 

Residual 132 7016.18 53.15 
Total 143 53.15 

•• 

Variate: b 
Source of variation Df Ss ms vr Fpr 
Fraction 2 0.009755 p.004877 1.99 0.140 
Variety 3 0.014617 p.004872 1.99 0.118 

Fraction X Variety 6 ~.018379 ~.003063 1.25 0.284 
Residual 132 p.322820 p.002446 
Total 143 p.365571 



Variate: Ash 
Source of variation df Ss rns ~r ~ pr 
[Variety 3 33491 11164. 0.94 ~.435 
Fraction 2 20351 10176. ~.86 0.436 

Fraction X Variety 6 59099. ~850. 0.83 0.557 

Residual 24 284183. 11841 
Total 35 397124. 

Variate: C P 
Source of variation df Ss ms ~ F pr 
Variety 3 2647.7 882.6 ~.30 0.102 

Fraction 2 1204.3 602.2 1.57 0.228 

Fraction X Variety 6 404.7 ~7.5 0.18 0.981 

IRes i dual 24 ~189.6 ~82.9 
lTotal 35 13446.4 

• 
lVariate: DM 
Source of variation df Ss ms vr Fpr 
Variety 3 17104. 5701. 0.76 0.528 

Fraction 2 141. 71. 0.01 0.991 

Fraction X Variety 6 11927 1988. 0.26 0.948 

Residual 24 180142. 7506. 
Ifotal 35 209314. 

. .: 



lVariate: Leaf: Ratio 
Source of variation Df Ss ms vr IF pr 
REP stratum 2 0.06634 0.03317 p.38 
Variety 3 0.08224 0.02741 p.31 0.816 

Residual 6 0.52660 0.08777 
Irotal 11 0.67518 

, 

:I AP.2 ANOVA Tables for Agronomic data 

Variate: Biomass Yield 
Source of variation df Ss ms vr F pr 
~P stratum 12 550296 ~75148. 0.13 
lVariety 3 7934573. ~644858. 1.21 p.382 

Residual 6 13065849. 2177642. 
Total 11 ~1550718. 

Variate: Plant Height 
Source of variation Pf Ss Ms ~ Fpr 
~P stratum ~ 0.00224 0.00112 r·03 
lVariety 3 0.16803 0.05601 1.39 0.334 

IRes i dual kJ 0.24210 0.04035 
Irotal 11 0.41238 

lVariate: Tiller Number 
Source of variation df Ss ms vr Fpr 
REP stratum 2 3.15 1.58 p.13 

Variety 3 80.57 ~6.86 ~.23 0.186 

Residual 6 72.39 12.07 
Irotal 11 156.12 

• 



I 

Variate: Week 3 
Source of variation ~f Ss InS ~r F pr 
REP stratum ~ 0.010722 0.005361 1.32 
~ariety 3 0.001421 0.000474 0.12 0.947 

Residual 6 0.024349 0.004058 
Total 11 0.036493 

Variate: Week 4 
Source of variation ~f Ss InS vr Fpr 
REP stratum ~ 0.013949 0.006975 1.32 

~ariety 3 0.000831 0.000277 0.05 0.983 

Residual 6 0.031681 0.005280 
Total 11 0.046462 

• 

Variate: WeekS 
Source of variation ~f Ss ms ~ Fpr 
;REP stratum ~ 0.022579 ~.011290 1.56 

~ariety 3 0.001586 0.000529 0.07 0.972 

Residual 6 0.043527 ~.007254 
Irotal 11 0.067692 

Variate: Week 6 
Source of variation ~f Ss ms ~ fpr 
REP stratum ~ 0.11676 ~.05838 5.38 
Variety ~ 0.03807 ~.01269 1.17 ~.397 
Residual ~ 0.06515 0.01086 

Total 11 0.21998 

lVariate: Week 7 
Source of variation df Ss IDS vr Fpr 
REP stratum 2 0.04483 0.02241 0.61 

Variety 3 0.02977 0.00992 0.27 ~.845 



, 
Residual 6 0.22026 0.03671 

Total II 0.29486 

[Variate: Week 8 
Source of variation ~f Ss ms lvr IF pr 
!REP stratum ~ 0.04214 0.02107 0.61 

[Variety 3 0.04208 0.01403 Kl.41 0.755 

lResidual ~ 0.20735 0.03456 

trotal 11 0.29157 

• 

lVariate: Week 10 
Source of variation ~f Ss ms vr fpr 
!REP stratum ~ 0.01268 0.00634 0.11 

~ariety 3 0.07010 0.02337 0.42 ~.746 

lResidual 6 0.33482 0.05580 
~otal 11 0.41760 

lVariate: Week 9 

Source of variation kif Ss ms vr Fpr 

IREP stratum ~ 10.01727 0.00863 0.25 
tvariety 3 Kl.03324 0.01108 0.32 0.809 
lResidual 6 Kl.20586 0.03431 
trotal 11 10.25637 

1 



lVariate: Week 11 
Source of variation df Ss ms IVr F pr 
REP stratum 2 0.01670 0.00835 0.17 

Variety 3 0.11117 ~.03706 0.75 0.560 

Residual 6 0.29560 0.04927 
Total 11 0.42347 

Variate: Week 12 
Source of variation df Ss ms Vr IF pr 
~P stratum 2 ~.00629 0.00315 0.07 

lVariety 3 Kl.12687 0.04229 ~.89 0.500 

~esidual 6 0.28650 0.04775 
Total 11 0.41966 

lVariate: Week 13 

Source of variation df Ss ms IVr IF pr 
REP stratum ~ 0.00224 0.00112 Kl.03 

Variety 3 0.16804 0.05601 1.39 0.334 

Residual 6 0.24210 0.04035 
Total 11 0.41239 

AP.3ANOVA Tables for Chemical Analysis 

• 

Variate: ADF 
Source of variation df Ss ms IVr Fpr 
Variety 3 2720 907 Kl.59 0.627 

fraction ~ 13 7 ~.OO 0.996 
Fraction X Variety 6 11054. 1842 1.20 0·341 
Residual ~4 36880. 1537 
trotal 35 50668 



I 

iVariate: Hemicellulose 

Source of variation df Ss rns ~r IF pr 
iVariety 3 162 54. 0.03 0.994 

Fraction 2 5939. 2970. 1.48 Kl·247 
tFraction X Variety 6 31634. 5272. ~.63 0.042 

~esidual 24 148077. 2003 
Total 35 85812. 

[Variate: NDF 
Source of variation df Ss rns vr Fpr 
Variety 3 2591. 864. 0.79 0.510 
Fraction 2 5906 ~953. 2.71 0.087 
Fraction X Variety 6 15267. ~544. 2.34 0.064 

Residual 24 26141. 1089. 
Irotal 35 f1.9905. 


